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Introduction 
Bryozoa is a phylum of multicellular aquatic animals that produce intricate colonies that 
superficially resemble colonial corals but remain separate due to major structural and ecological 
differences. Bryozoan zooids, called polypides, are lophophore feeders with a complex u-shaped 
digestive system, yet they are remarkably small for their complexity, typically 0.5 mm long. The 
colonies produced by the members of this complicated phylum are varied and distinct in different 
environments throughout the fossil record, making them useful zonal indicators that have been 
generally overlooked in their potential as index fossils. Bryozoans can be found throughout the 
geologic column from the early Paleozoic to the present day, but the investigation of their record 
is largely incomplete. Systematic identification of bryozoans in the world’s sedimentary layers 
can play a significant role in biostratigraphy and knowledge of marine paleoenvironments. With 
a purpose of growing the use of bryozoans in paleontological studies, this study identifies 
eighteen species of extinct Paleozoic bryozoans from the Permian Toroweap Formation. 
Bryozoan Growth and Life History 
Bryozoans are found in a wide range of marine and freshwater systems worldwide. 
Fossilized bryozoan remains have been identified in Australian and South China deposits as 
early as the lower Cambrian (ca. 521-514 Ma) (Zhang et al 2021), and the phylum has persisted 
from the Cambrian to present day (Nielsen and Larwood 1985). Bryozoans are genetically 
identical hermaphrodites that secrete calcium carbonate to form a protective exoskeleton to 
house a multiplicity of zooids in a colony called a zoarium (Boardman and Cheetham 1987). The 
exoskeleton is secreted on the external side of the epidermis, while the internal parts of the 
zoarium are interconnected by a combination of cells, tissues and body cavities that allow the 
nourishment of developing and non-feeding zooids and permit the colony to act together as a 
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single organism (Boardman et al. 1983). Individual members of the colony are called polypides 
or zooids. An entire autozooid includes the feeding polypide and its enclosing sheath of tissue 
inside a chamber called an autozooecium (McKinney and Jackson 1991). The autozooid feeds 
through an aperture, a window, in its autozooecium within the colony exoskeleton (Fig. 1). 
Bryozoan zoarium modes of growth are variable, even within a single species; some 
zoaria develop as thin, lacy sheets that encrust rocks or any other available surface, while others 
are arborescent and branch like trees or bushes (McKinney 1969; Boardman et al. 1983; Utgaard 
1973). In contrast to the vast differences in exoskeletal development between families, polypide 
morphology has remained remarkably consistent throughout the phylum (McKinney and Jackson 
1991). The Treatise on Invertebrate Paleontology, Part G Bryozoa Revised (Boardman et al 
1983), hereafter referred to as the Treatise, provides detailed descriptions of zooid morphology 
and life history. Autozooids feed by extending a water filtering lophophore through their 
autozooecial aperture and using ciliated tentacles to collect protozoa and organic matter 
particulates from the surrounding water (Figs. 1 and 2). The bryozoan coelom provides 
hydrostatic pressure for the eversion of the tentacle sheath and tentacles. Autozooids hide from 
predators by retracting their lophophores and retreating into their autozooecial chambers.   
Bryozoans are easily confused with corals, but while the coral polyp mouth also serves 
for the ejection of waste, bryozoans possess a u-shaped gut, which includes an esophagus, a 
stomach and an intestine that terminates in an anus (Fig. 2). Captured particulates move through 
the digestive tract in a stream of mucous. Brachiopoda (brachiopods) and Phoronida (horseshoe 
worms) are the only other phyla that include lophophore feeders, and brachiopods also have a u-
shaped gut. However, bryozoan lophophores are round and ciliated and can retract, unlike the 
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brachiopod’s u-shaped, nonretractable lophophore. Horseshoe worms are much larger than 
bryozoans and do not form colonies. 
Extant bryozoan colonies are hermaphroditic and produce both sperm and eggs 
(McKinney and Jackson 1991). The sperm are most likely released through pores in the zooid 
tentacles to fertilize eggs that are hidden in protective ovicells within the colony in some species 
or released into the open water in others (Silén 1972; McKinney and Jackson 1991). After 
fertilization and development, larval-stage bryozoans disperse throughout the surrounding water, 
propelled by cilia, until they settle on a substratum, whether rocks or algal mats, neighboring 
bryozoan colonies, driftwood or ship hulls. After cementing or rooting themselves in place, 
bryozoan larva metamorphose into an ancestrula, from which members of the new colony bud 
asexually to form a colony according to the growth patterns particular to each species (Fig. 3). 
Large encrusting or erect forms can be produced through asexual budding as new autozooecial 
chambers develop on the outside of the colony, growing the zoarium ever larger.  
The members of bryozoan zoaria may be either monomorphic or heteromorphic, 
depending on order and family. Polymorphic colonies include zooids with repeated 
discontinuous morphological variation within the zoarium. In monomorphic colonies, each zooid 
is potentially capable of feeding and producing gametes, but the jobs of feeding, waste disposal, 
and reproduction are specialized in heteromorphic colonies, despite the fact that all the sister 
zooids are genetically identical (McKinney and Jackson 1991). Polymorphic colonies can 
include additional openings in exoskeleton walls, such as metapores and exilozooecia. Whether 
monomorphic or polymorphic, bryozoan zooids are physically connected to each other by tissues 
and spaces within the zoarium. 
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Bryozoan Taxonomy 
Two primarily marine classes of bryozoans have been described, namely Stenolaemata 
and Gymnolaemata, while the small third class (80 species worldwide) of Phylactolaemata are 
found exclusively in freshwater (Wood and Okamura 2005; Wood 2006). All Paleozoic 
bryozoans fall within the five established orders of the class Stenolaemata, with the exception the 
boring variety of the gymnolaemate order Ctenostomida. All Paleozoic orders, namely 
Fenestrida, Cryptostomida, Cystoporida, Trepostomida, and Cyclostomatida are described in the 
Ordovician (McKinney and Jackson 1991). Two of these orders, Fenestrida and Cryptostomida, 
have not been described in sediments younger than the Permian Extinction event, while a 
handful of Cystoporida and Trepostomida species survived until the end of the Triassic (Fig. 4). 
The stenolaemate order Cyclostomatida dominated the Mesozoic and has survived to the present 
day (Fig. 4). Gymnolaemates began to proliferate during the Cretaceous and continue to thrive 
today, and members the order Cheilostomatida make up the majority of living forms (Fig. 4).   
Descriptions of extant bryozoan species have focused on the morphology of zooids and 
their external skeletal characteristics. Autozooids and soft parts are still available, so that gel 
electrophoresis and genome analysis are available for these species. McKinney and Jackson 
(1991) urge the combination of detailed morphological studies and statistical analysis with 
genomic and molecular analysis of extant bryozoans to more accurately delineate between 
species for both biostratigraphic and phyletic purposes. Bryozoan colonies in unstable 
environments exhibit phenotypic plasticity due to microenvironmental changes, while those in 
stable environments remain much more homogenous (Hageman 1995; Hageman et al. 1998; Key 
1987). A study of the extant species Schizoporella eratta (Waters 1878) found that statistically 
significant morphological differences existed between colonies as few as 11-13 km apart despite 
5 
 
80-89% genomic similarity among sampled members of this species along 1000 km of the 
eastern North American coast (Schopf and Dutton 1976; McKinney and Jackson 1991). Genomic 
and molecular studies offer a beneficial check on morphological descriptions alone and provide 
insight into which phenotypic characters are the most significant in distinguishing species.  
Genomic studies cannot be performed on bryozoan specimens throughout the fossil 
record, unfortunately. The four orders of bryozoans that make up the majority of Paleozoic taxa 
all died out by the Jurassic, and polypides and other soft parts are no longer available. This 
forces another approach. The order Cyclostomatida has perpetuated from the Ordovician to the 
present day, so that details about extant forms can potentially offer insights into extinct 
stenolaemate forms. Rigorous analysis of both external and internal skeletal characteristics offers 
the most readily available approach. 
Paleozoic bryozoan colonies are robust, and their skeletal structures are well preserved in 
ancient strata. Although the individual zooids are not preserved in lithified sediments, 
identification to species is accomplished by describing in detail both the internal and external 
characteristics of the calcium carbonate or chitin exoskeleton. Exoskeletal morphology includes 
autozooecial budding patterns, autozooecial chamber shape and size, and the presence and nature 
of features such as diaphragms, central bundles, and rod-like structures like acanthostyles. 
Polymorphic chambers in the exozone or outer endozone between autozooecial feeding 
chambers are also valuable identification features. The Glossary of Morphological Terms (p. 
G304-G32) in the Treatise (Boardman et al 1983) provides a comprehensive list of 
morphological terms used in diagnoses and descriptions. Definitions of terms relevant to this 
study are available in Table 19. 
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Published studies on bryozoans date to the 1750s, when they were confused with corals. 
The term “Polyzoa” was used to describe the colonial animals in 1830 (Thompson 1830) and 
“Bryozoa” was coined the next year (Ehrenberg 1831). Systematic methods for describing 
bryozoans developed slowly, and the International Bryozoology Association was founded in 
May 1965, when 16 zoologists met in Stockholm, Sweden to collaborate about bryozoan 
taxonomy and evolution. Descriptions of Paleozoic bryozoans continue to focus on features like 
budding patterns, the shape of chambers, modes of growth and binary characteristics. (Thomas 
and Ryland 1968; Boardman et al. 1983). Pachut and Anstey (1984) and McKinney and Jackson 
(1991) emphasized the need for systematic rigorous measurements and statistical analysis. 
Bryozoan size and mode of growth are heavily influenced by environmental conditions 
(McKinney and Gault 1980; Nelson et al. 1988; McKinney and Jackson 1991; Smith 1995; 
Hageman et al. 1997; Reid 2010), but reasonable identifications of taxa to genus continue to be 
made by thorough descriptions that note the presence and nature of characters such as 
diaphragms, lunaria, acanthostyles, metapores, or well-defined axial bundles. Multivariate 
statistical analysis of various characters can be used to distinguish between species, for instance 
those based on the size and shape of autozooecial chambers or the number of styles or 
exilozooecia. 
While the soft parts of Paleozoic bryozoans have disappeared, the autozooecial chamber 
skeleton offers paleontologists information about the zooid that once lived inside of it (Anstey 
and Perry 1970; Anstey 1978). Skeletal morphology offers clues about the paleoenvironment in 
which those bryozoans developed (McKinney and Gault 1980; Smith 1995; Reid 2010), but the 
size and shape of the autozooecia within a colony, their spacing and growth patterns offer useful 
information. Taxonomists study colonies using transverse, longitudinal and tangential views of 
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zoarial structures (Fig. 5) in order to reproduce a three-dimensional concept of the original 
autozooid from colony cross-sections (Snyder 1991; Gilmour et al. 1997; Gilmour and Snyder 
2000).  
Snyder (1991) exemplifies a rigorous taxonomic methodology that fully describes the 
interior and exterior morphology of bryozoan families Fenestellidae King 1849 and Polyporidae 
Vine 1884 using measurements that define the three-dimensional form and size of the 
autozooecial chamber through the use of all three views. Snyder’s work on fenestrate bryozoans 
focuses on the importance of statistically distinguishing taxa using measurements-based analysis 
of a wide range of morphological features that emphasize the internal characteristics of the 
zoarium and de-emphasize characters that are similar between unrelated taxa or that widely vary 
within a single colony. Snyder’s procedures have been adopted in several bryozoology studies 
(Gilmour and McColloch 1995; Gilmour et al. 1997; Gilmour and Snyder 2000; McColloch et al. 
1994; Reid 2001; and Snyder and Gilmour 2006).  
The structural variations between bryozoan orders and families require classification 
methods particular to the taxa of interest. The specific measurement system used by Snyder 
(1991) for fenestrate and pinnate bryozoans does not apply to the orders Cystoporida, 
Trepostomida and Cryptostomida that are relevant to this study, but the principle of rigorous 
measurement using all three views can be used. The present study follows the general description 
methodology established by the Treatise (Boardman et al. 1983) with a focus on morphological 
characteristics used by McColloch et al. (1994), Gilmour et al. (1997), Reid (2001), Nakrem 
(1994), and  Nakrem et al. (2009) along with additional characters considered relevant to the 




Bryozoans as Zonal Indicators 
Bryozoan colonies form a major element of life on continental shelves, and their size and 
modes of growth offer clues about their microenvironments (McKinney and Gault 1980; Smith 
1995; Reid 2010). Bryozoans have been considered useful in reconstructing ancient marine 
basins and delineating biogeographical zones and paleoenvironments, and the biogeography of 
Permian bryozoans is the subject of many studies (Gilmour and Morozova 1999; Morozova 
1970; Ross 1978, 1995; Sakagami 1976, 1985, 1990). Bryozoan assemblages are used to 
establish paleogeographic distributions and stratigraphic correlations, and identification of 
distinct short-lived bryozoan taxa can assist paleontologists in correlating rock formations 
separated by thousands of miles.  
A common method for the time correlation of strata uses concurrent range zones of two 
or more taxa to establish relative dates for strata (Fig. 6). The range of a taxon is defined by its 
first appearance datum (FAD) and last appearance datum (LAD) in a rock section, and the 
known range of a zone fossil measured against the local lithostratigraphy can define a biozone, 
the basic unit of biostratigraphy (Benton and Harper 2016). Concurrent index fossils are useful 
for dating the members of rock formations. The overlapping ranges of two or more taxa can 
narrow the dating of a geologic horizon to the time period in which these taxa coexisted. Taxa 
with well-established, relatively short ranges can be used as index fossils in concurrent range 
zone correlation.  
Bryozoans hold significant potential as index fossils (Boardman et al. 1983, Grabau and 
Shimer 1909, Logan and McGugan 1968, Moore 1953), both as a supplement to traditional index 
fossils and in materials void of traditional index fossils. If used as index fossils, the correct 
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identification and range descriptions of bryozoan fossils can therefore offer far reaching benefits 
to paleontologists in dating strata.  
Bryozoans fit the many criteria required to be good zonal indicators. First, bryozoans 
have a long history in the geologic column and can be found in every geologic time period from 
the Cambrian to the present (Zhang et al 2021, McKinney and Jackson 1991, Nielsen and 
Larwood 1985). Second, taxonomic groups of bryozoans are morphologically distinct throughout 
the evolutionary history of Earth, demonstrating marked differences in each geologic age 
(Boardman et al. 1983, Moore 1953, Nielsen and Larwood 1985). Third, extinct bryozoan 
exoskeletons are mineralogically robust and their remains can be well-preserved in marine 
sediments (Boardman et al. 1983, Nielsen and Larwood 1985, Yang 1991). Finally, bryozoans 
have a wide distribution across the planet, yet individual species within a cosmopolitan genus 
can be provincial, existing in a short spatial and temporal range (Ernst et al. 2006; Gilmour and 
Snyder 1986; Morozova 1970; Nielsen and Larwood 1985). Because bryozoans are well-
preserved and have a worldwide distribution throughout the geologic column, yet individual 
species can be distinct and provincial, these creatures offer useful data to paleontologists in 
correlating and dating geological strata. 
The small size of bryozoan zoaria offers an additional practical benefit. Fragments of 
bryozoan assemblages can be found in small samples, which makes them potentially ideal zone 
fossils for geologists seeking to identify geologic formations in drill cores as they search for 
valuable petroleum and mineral resources. 
Paleontologists have many well-established index fossils available to them among 
brachiopods, nautiloids, gastropods, graptolites, and conodonts; however not all phyla are 
preserved in every fossiliferous rock horizon. Bryozoans can dominate certain stratigraphic units 
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where other more common index fossils are notably absent. For instance, conodonts are 
conspicuously missing from the Permian sediments of the Toroweap Formation, while bryozoans 
are plentiful. A more complete record of Paleozoic bryozoans throughout the United States 
would increase the potential for using bryozoans as index fossils in dating formations like the 
Toroweap Formation.  
Stratigraphy and Age of Field Localities 
The Toroweap Formation in the southwestern United States extends from northern 
Arizona into southern Nevada and Utah. The overlying Kaibab Formation, the top layer in the 
Grand Canyon, has been the subject of much paleontological research. The Toroweap Formation 
has been relatively ignored as a formation with few macroinvertebrates, yet the Toroweap is 
replete with four orders of stenolaemate bryozoans that contribute to the Permian record of 
bryozoans in the western United States. 
The Toroweap Formation is best known as the second formation from the top of Grand 
Canyon. It underlies the Kaibab Formation and overlies the Coconino Sandstone, which overlies 
the Hermit Shale – all formations of the Permian. Both the Kaibab Formation and Coconino 
Formation are cliff-forming in Grand Canyon, while the looser material of the Toroweap and 
Hermit formations is largely slope-forming. McKee (1938) and Nielsen (1980) have described 
the depositional environment of the Kaibab and Toroweap formations as a series of transgressive 
and regressive cycles (Table 21). 
For many years, the Kaibab and Toroweap were treated as one formation, until McKee 
(1938) separated the Toroweap Formation from the Kaibab Formation due to an unconformity 
and lithographic differences.  According to McKee (1938), the Toroweap can be found in both 
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eastern and western phases that interfinger into one another at a transition phase that is well-
developed at Sycamore Canyon in northern Arizona. The eastern phase is made of cross-
laminated sandstone that cannot be subdivided into members, while the western phase is made of 
three members which McKee (1938) refers to as , , and . These represent a changing 
environment in which the sea was receding, extended, and advancing once again (McKee 1938). 
Sorauf (1962) applied geographic names to these members, referring to McKee’s Kaibab 
Formation  member as the Harrisburg Member and McKee’s  and  members as the Fossil 
Mountain Member. In the same way, Sorauf (1962) referred to McKee’s Toroweap , , and  
members as the Woods Ranch Member, Brady Canyon Member, and Seligman Member 
respectively. 
Nielson (1980) has described the members of the Kaibab and Toroweap formations of 
southwestern Utah as a series of transgressive and regressive cycles (Table 21) that generally 
follow the descriptions earlier given by McKee (1938), although Nielson (1980) uses Sorauf’s 
geographical member names. According to Nielson (1980), the Kaibab and Toroweap contain a 
series of primarily sandstone, gypsiferous siltstone, and fossiliferous limestone layers that 
represent a transition from a sabkha - an ancient coastline of evaporite-carbonate deposits - to an 
open-marine sea and back again. The regression, extended sea, and transgression character of the 
Toroweap Formation is well established. 
The site locations for this study include only the fossiliferous Brady Canyon Member of 
the Toroweap Formation, the one member of the Toroweap that is cliff-forming rather than 
slope-forming. The three members of the Toroweap at the type locality nine miles north of the 
Colorado River in Mohave County, Arizona create beds that total 424.5 ft (129.4 m) thick 
(McKee 1938). The Brady Canyon Member of the Toroweap at the type location is 218.5 ft (66.5 
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m) thick (Sorauf and Billingsley 1991), representing just more than half the thickness of the 
entire formation. About 100 miles due east of the Muddy Mountains in southern Nevada, at the 
Hack Canyon Mine in northwest Arizona, the Brady Canyon Member is 211.5 ft (64.5 m) thick 
(Van Gosen and Wenrich 1987).  About 30 miles (48 km) northwest of St. George, Utah, in the 
Dodge Spring quadrangle in Washington County Utah and Lincoln County Nevada, the Brady 
Canyon Member is about 295 ft (90m) thick (Anderson and Hintze 1993). In all locations, the 
Brady Canyon Member is described as a gray, cherty marine limestone with grains finer than the 
gypsiferous siltstone of the overlying Woods Ranch Member and the underlying Seligman 
Member (Table 21).  
In this study, the Toroweap site locations are 196.2 ft (59.8 m)  and 201.0 (61.3 m) thick 
respectively, which fall within the range of the Brady Canyon Member thickness at other 
locations north and east. The primarily cherty fossiliferous marine limestone matches the 
description of the Brady Canyon Member and not the sandier Seligman Member below or 
Woods Ranch Member above. This suggests that the locations in the current study were solely 
from the Brady Canyon Member of the Toroweap Formation, which was undergoing the end of a 
regression, the beginning of a transgression and a return to a regression during the Kungurian 
Age of the Permian Period (Nielson 1980; Billingsly 1990; and Sorauf and Billingsly 1991).  
Dating the Toroweap Formation has largely depended on relative dating based on its 
position between the Kaibab and Coconino formations. Recent U-Pb analysis of detrital zircons 
has collectively dated the Hermit through Kaibab Formations to as young as 273–329 Ma, which 
correlates with their depositional age of Roadian/Kungurian 283-269 Ma (Gehrels et al. 2011; 
Hopkins and Thomson 2003). The results of these U-Pb analyses are generalized, with similar 
isochron patterns for all four formations so that they are dated as a block. The age of the 
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Toroweap Formation has, for the most part, remained a relative date based on its position below 
the Kaibab Limestone and above the Coconino Sandstone and Hermit Shale. 
While the Toroweap Formation is distinct from the underlying Coconino Formation, 
McKee (1938) agrees with many earlier assessments that the Toroweap formed over the 
Coconino before its sand had solidified into rock, signifying that there was no significant space 
of time between the deposition of the Coconino and Toroweap formations. From sparse fossil 
remains, the Hermit Formation has been dated to the Middle Permian (Blakey and Knepp 1989).  
Fusulinids and conodonts, index fossils commonly used to date Permian rocks, are absent 
in the Toroweap Formation. Conodonts in the Fossil Mountain Member of the overlying Kaibab 
Formation have been used to date the Kaibab into the Rhodian (Hopkins and Thompson 2003) 
which the International Commission on Stratigraphy’s Chronostratigraphic Chart (2021) defines 
as 272.95-268.8 Ma.  Well-documented index fossils have been lacking in both the Toroweap 
and Coconino formations, thus these two formations have been assigned relative dates based on 
their stratigraphic occurrence between the index-fossil bearing units of the Kaibab Limestone 
and the Hermit Shale (Irwin, et al. 1971). 
 McKee (1938) has recognized two faunal facies in the Toroweap. Brachiopods, 
bryozoans, crinoids and horn corals have been found in the open-marine fauna in the western 
portion of the Brady Canyon Member, while molluscan fauna have been identified to the east 
(Turner 1990). These fossil fauna have been used to generally place the Toroweap in the 
Kungurian Age (Turner 1990), which the ICS (2021) defines as 283.5-272.95 Ma.  
The paucity of the bryozoan faunal record has left an unfortunate gap in the geological 
record where one need not be. By identifying bryozoan species in marine sediments, we increase 
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the possibility this cosmopolitan phylum can be used to date sediments in correlation with 
conodonts and other index fossils or, as in the case of the Toroweap Formation, when other well-
defined index fossil fauna are missing. 
Toroweap Bryozoan Fauna 
Previous studies of the Toroweap bryozoan fauna have identified members of the order 
Fenestrida, commonly known as “fenestrates” (McColloch et al. 1994), as well as members of 
the cryptostomate family Timanodictyidae Morozova, 1966 (Gilmour, unpub). McColloch et al. 
(1994) described five fenestrate species: two species described in Russia, Wjatkella permiana 
Morozova, 1970, Polypora sargaensis Trizna, 1948, and three new species Penniretepora 
oppositus McColloch et al., 1994, Septopora bilateralis McColloch et al., 1994, and Reteporidra 
anaphora McColloch et al., 1994. 
W. permiana has been described only in Nevada and European Russia. This species 
described by Morozova (1970) from the Lower Kazanian stage of the Russian Platform is 
significantly similar to specimens found both in the Toroweap Formation of southern Nevada 
(McColloch et al. 1994) and in the Guadalupian stage (Kazanian) (272.3-259.8 Ma) strata of the 
Gerster Formation of northeastern Nevada (Snyder, 1976). The genus Wjatkella has been 
described in relatively few locations. Of the 20 species listed by the International Bryozoan 
Association, 13 appear in Russian sites, and all are limited to the Permian and Carboniferous 
periods. P. sargaensis was reported by Trizna (1948) from the Urals and PreUrals in Russia in 
material dated Artinskian (290.1-283.5 Ma). These are the only locations outside of Nevada that 
P. sargaensis has been described.  
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Ernest Gilmour (unpublished) has identified a large number of specimens from the genus 
Timanodictya in the Toroweap Formation. Timanodictids have been identified primarily in 
northern European Russia (Morozova 1966, 1970), eastern Russia (Morozova 1970), China 
(Yang and Lu 1984), and Mongolia (Ariunchimeg and Morozova 1992) in Permian Cisuralian 
and Guadalupian strata. While this study will not focus on timanodictids, their identification in 
sediments from the Russian Platform, as with W. permiana and P. sargaensis, suggests that the 
Toroweap was deposited in a paleoecological environment similar to that of northern European 






This study accomplishes two objectives;  
1) It describes and identifies to genus cryptostomes, trepostomes, and cystoporates collected 
from the Permian Toroweap Formation in Clark County, Nevada using analytical methods that 
describe both the interior and exterior morphology of each species.   
2) It describes the temporal distribution of Toroweap bryozoan fauna as the lithology indicates a 
change between shallow and open marine environments during a transgressive and regressive 
sequence, with particular focus on the occurrences of bryozoan species during this sequence. 
Together, these two objectives will contribute to the bank of data on bryozoan distribution in the 
ancient Permian as a tool for bryozoologists seeking to correlate strata. 
Hypotheses: 
1) Computer generated statistical tools that use multivariate analysis to distinguish taxa, such as 
Principal Components Analysis, will simplify the process of separating bryozoan families into 
genera and species and will provide increased statistical rigor to the bryozoan classification 
process. 
2) Bryozoan species will disappear and reappear in the Toroweap Formation upward through the 
200 feet (61 meters) of sediments from the Brady Canyon Member, marking the changes in sea 
depth as the coastline transgressed the sample site during the early Permian, moved into an open 






The samples for this study were collected from two sites in Clark County, Nevada. From 
1975 through 1977, Toroweap Sites 1-4 were stratigraphically measured and sampled by E. H. 
Gilmour. Toroweap Site 3 (T3) was measured and sampled by Gilmour in the foothills of the 
Bird Spring Range southwest of Las Vegas in May of 1976 and site 4 (T4) was sampled in Dune 
Buggy Canyon in the Muddy Mountains northeast of Las Vegas in April of 1977 (Fig. 11). The 
Toroweap samples from Sites T2, T3, and T4 have been used in previous bryozoan 
biostratigraphic studies (McColloch et al. 1994, and Gilmour unpub.) and petrologic and 
paleoecologic studies (Mansoury-Najand 1990), although McColloch et al. (1994) referred to T4 
as “T1.”  
Samples from sections T3 and T4 were used in the present study. At the T4 site in Dune 
Buggy Canyon, 156 samples were collected representing 201.0 vertical feet (61.3 m), and 202 
samples representing 196.2 vertical feet (59.8 m) were collected at T3 in the foothills of the Bird 
Spring Range. All 156 samples were analyzed from the T4 site, supplemented by samples from 
foot levels 3.0, 5.2, 20.1, 21.0, and 133.0 at the T3 site. A total of 3857 photographs were taken 
using 530 acetate peels made from polished cross-sections of these materials. 
Sample Preparation 
Rock samples were cut to reveal transverse, longitudinal, and tangential views of 
bryozoan colonies using acetate peels and were analyzed for cryptostome, trepostome, and 
cystoporate bryozoans.  
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Sample rock surfaces were ground flat to expose bryozoan zoarial fragments and polished 
with three-micron cerium oxide powder for two minutes. Polished rock surfaces were then dried 
and etched for two seconds in 3% formic acid. Acetone was liberally applied to the prepared 
surface, and an acetate peel was then pressed to the surface so that the acetone melted it into 
place. After a minimum of ten minutes, the acetate peel was removed and examined by light 
microscopy. Digital photographs were made of bryozoan specimens at both 40x and 100x 
magnifications using an OMAX LED digital compound microscope with a 5 megapixel USB 
camera. This process was repeated until a through survey of the materials had been made. 
Fossiliferous rocks were additionally cut and polished to obtain true transverse, longitudinal and 
tangential views of representative specimens. Photographs were standardized to 2600 pixels long 
and 1950 pixels wide to ensure consistency of measurement. 
Specimen photographs were grouped according to physical characteristics related to each 
order (e.g., cystopores in cystoporates, acanthostyles in trepostomes and metapores in 
cryptostomes) so that the appropriate characters could be measured for each subject. 
Morphometric characters were measured on OMAX ToupView imaging software that had been 
calibrated using a 0.01mm stage micrometer, in which 2278.5 pixels equaled one millimeter for 
the standardized photographs.  
Taxa were sub-grouped according to physical characteristics and compared to taxa 
described in published literature to name taxa to genus.  Once divided into genera, the mean, 
standard deviation and coefficient of variation of morphometric characters were calculated and 
results compared to previously described taxa in the literature. Divided genus groups were 
assigned to separate species and described.  Individual species will be named at the time of 
publication in peer-reviewed literature. 
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Description Parameters, Cryptostomida and Trepostomida (After Boardman et al. 1983; 
Hageman 1998; Reid 2001) 
1. Zoarium characteristics: 
Form - ramose, encrusting, bilamellar. 
Robustness - delicate, intermediate, robust (qualitative) 
Zoarial diameter - mean and range. 
Surface texture - smooth or with visible monilae. 
2. Autozooecia 
Shape in transverse section, rounded, ovate, or polygonal 
Angle from exozone to zoarial surface and divergence angle from axial bundle (for 
Cryptostomida only). 
Number of tubes in endozone in axial bundle, both in transverse and longitudinal sections 
(for Cryptostomida only). 
Size 
-small (length < 0.2 mm; width < 0.12 mm),  
-intermediate (length 0.2 - 0.38 mm; width 0.15 - 0.22 mm),  
-large (length> 0.38 mm; width> 0.22 mm). 
Spacing- distance between autozooecial centers (closest dimension in Trepostomida, both 
horizontally and longitudinally in Cryptostomida tangential). 
3. Endozone: 
Wall thickness between developing zooecia. 
Monilae - presence/ absence and nature of monilae in endozone. 
4. Exozone: 
Wall thickness between autozooecia 
- narrow (< 0.1 mm),  
- intermediate (0.1 - 0.15 mm),  
- wide (> 0.15mm). 







-small ( < 0.05 mm),  
-intermediate (0.05 - 0.1 mm) 
-large (> 0.1 mm) 
Division into micro- and macroacanthostyles. 
Shape - circular, ovate, polygonal; distinct core and/or outer perimeter. 
Number - mean and range of number surrounding each autozooecium. 
Consistency - appearance across zoarium, and development depth in zoarial wall. 
7. Exilozooecia 
Size  
-small(< 0.1 mm),  
-intermediate (0.1 - 0.2 mm),  
-large(> 0.2 mm). 
Shape - circular, ovate, polygonal, and variability in size and shape. 
Frequency - rare, common, abundant, and mean and range of number about each 
autozooecium. 
 
Description Parameters, Cystoporida (after Boardman et al. 1983 and Reid 2001). 
External features 
1. Zoarial characters 
Robustness - delicate, intermediate, robust (qualitative parameter) 
Form - massive, encrusting, ramose/ dendroid. 
Surface texture - smooth or with visible maculae. 
2. Autozooecia 
Size - dimensions 
Wall - thickness and regularity of thickness. 




Spacing - distance between centers of nearest adjacent autozooecia. 
3. Lunaria 
Development - presence/ absence and degree of development in deep and shallow 
section. 
Size - proportion of autozooecial perimeter. 
Shape and orientation through zoarium. 
Internal features 
1. Cystopores 
Shape - box, blisters, polygonal; in tangential and transverse section. 
Size - size and consistency of size through zoarium. 
Spacing - number in 1 mm, horizontally and vertically; number between autozooecia. 
Density - packing arrangement through zoarium. 
2. Diaphragms 
Presence/Absence and regularity. 





Order Cryptostomida. Systematics based on Boardman et al. (1983).  
 
Phylum BRYOZOA Ehrenberg, 1831 
Class STENOLAEMATA Borg, 1926 
Order CRYPTOSTOMIDA Vine, 1884 
Suborder RHABDOMESINA Astrova and Morozova, 1956 
Family HYPHASMOPORIDAE Vine, 1885 
Genus STREBLOTRYPA Vine, 1885 
Sub-genus Streblotrypa (Streblascopora) Bassler, 1929 
 
Streblotrypa (Streblascopora) sp. 1 
Table 1; Plate 1 
 
Type species - Streblotrypa fasciculata Bassler, 1929 
Remarks - Streblotrypa (Streblascopora) Bassler, 1929 differs from S. (Streblotrypa) Vine, 1885 
by having a distinct axial bundle that holds more than 10 axial zooids. 
Diagnosis   
The species is ramose with zoaria 0.638-1.49 mm in diameter. In the transverse view, 
there is a distinct axial bundle with 12 to 35 zooecial tubes in the bundle. The autozooecia are 
arranged in longitudinal rows, alternating so that apertures in adjacent rows create a diamond 
pattern with prominent ridges between the rows. The apertures are oval, with three to five 
apertures per 1.0 mm longitudinally and four to six apertures per 1.0 mm diagonally in the 
tangential section and four to eight metapores arranged in two rows between autozooecia. Pairs 
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of metapores between autozooecia are a distinctive character in both transverse and tangential 
views. Diaphragms are absent. 
Streblotrypa (Streblascopora) sp.1 N = 42 Nf Nm X Min Max S.D. C.V. 
diameter of zoarium 20 35 1.14 0.638 1.49 0.236 20.6 
diameter axial bundle 19 27 0.330 0.178 0.480 0.075 22.8 
diameter axial cylinder 8 8 0.073 0.040 0.127 0.030 41.2 
# of tubes in central bundle (long.) 16 25 4.80 3 7 1.04 21.7 
# of tubes in central bundle (trans.) 15 21 21.6 12 35 7.32 33.8 
exozone width 21 32 0.347 0.193 0.464 0.077 22.1 
endozone width 21 30 0.481 0.246 0.715 0.117 24.2 
angle (o) of divergence from axial cylinder 6 9 17.8 14 23 2.91 16.3 
angle (o) autozooecial tube to surface 6 9 69.9 44 88 15.6 22.4 
wall thickness exozone 21 33 0.025 0.012 0.045 0.008 31.1 
wall thickness endozone 21 33 0.010 0.005 0.017 0.002 25.9 
autozooecial width long (tang.) 28 34 0.160 0.109 0.200 0.025 15.4 
autozooecial width narrow (tang.) 28 34 0.091 0.054 0.119 0.014 15.2 
autozooecial width long (trans.) 17 25 0.146 0.104 0.207 0.025 17.4 
autozooecial width narrow (trans.) 17 25 0.107 0.093 0.137 0.012 10.8 
autozooecial width (long.) 6 9 0.106 0.075 0.144 0.023 21.8 
autozooecial spacing longitudinally 29 43 0.328 0.132 0.530 0.082 25.1 
autozooecial spacing diagonally (tang.) 28 34 0.223 0.116 0.308 0.045 20.2 
# apertures in 1.0 mm longitudinally 20 34 3.74 3 5 0.431 11.5 
# apertures in 1.0 mm diagonally (tang.) 15 29 4.76 4 6 0.392 8.25 
metapore diameter 43 68 0.021 0.015 0.031 0.004 17.8 
# of metapores between autozooecia 41 65 4.89 4 8 1.20 24.5 
Table 1 - Summary measurements for Streblotrypa (Streblascopora) sp.1. Nf = number of fragments on which measurements were 
made, Nm = number of total measurements, X = mean, Min. = minimum value measured, Max = maximum value measured, SD 
= standard deviation, CV = coefficient of variation. All measurements are in millimeters, except for angle measurements, which 
are in degrees. 
Description  
The zoarium varies in diameter from 0.638-1.49 mm with an exozone width of 0.193 to 
0.464 mm and an endozone width of 0.246 to 0.715 mm. The axial bundle has 12 to 35 zooecial 
tubes and is clearly defined deep into the endozone but less so distally (Plate 1:2-3). Four to eight 
metapores appear between autozooecia in two or three rows tangentially with an average of 4.89. 
The autozooecial walls are laminated, and the autozooecia are round to slightly oval in the 




Autozooecia are 0.109-0.200 mm long and 0.054-0.119 mm wide, with a ratio of mean 
width to mean length of 4:7. The autozooecia are regularly spaced, arranged in rows 
longitudinally with diamond-shaped ridges enclosing apertures and metapores in the rows (Plate 
1:4). There are three to five apertures in 1.0 mm longitudinally and four to six apertures 
diagonally in the tangential section. Autozooecial centers are 0.132 to 0.530 mm apart 
longitudinally and 0.116 to 0.308 mm apart diagonally in tangential section. Diaphragms are 
absent. Apparent hemisepta are remains of metapore walls as polishing has worn away skeletal 
material (Plate 1:1). The autozooecia bud from the axial bundle, diverging from the bundle at 14 
to 23 degrees and bending more sharply at the transition between endozone and exozone at 44 to 
88 degrees (Plate 1:1). The zooecial walls are thin in the endozone and thicken in exozone.  
Metapores arise from the autozooecial wall at the base of the exozone and bend sharply 
to reach the zoarial surface (Plate 1:1). Metapores are small, with a mean diameter of 0.021 mm 
at the zoarial surface while enlarging in diameter in deep tangential (Plate 1:5). There are usually 
four to six metapores between subsequent autozooecia, arranged in two rows, although eight 
appear at times.   
Material  
 Forty-two fragments were examined from the Kungurian cherty limestone of Section 4 of 
the Toroweap Formation in the north Muddy Mountains. 
Occurrence.  
Streblotrypa (Streblascopora) fasciculate, the type species for this subgenus, was first 
described in the Upper Permian of Timor, Indonesia by Bassler (1929). The subgenus S. 
Streblascopora is abundant in Carboniferous to Permian formations worldwide. 
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Streblotrypa (Streblascopora) sp. 2 
Table 2; Plate 2 
Type species - Streblotrypa fasciculata, Bassler, 1929, Permian (Lopingian) of Timor. 
Diagnosis 
The zoarium is ramose and 0.854-1.12 mm in diameter. The thick exozone walls are 
granular and often deteriorated, and there is poor preservation of all specimens. The axial bundle 
contains 14 to 19 zooecial tubes. The autozooecia alternate in longitudinal rows that are 
separated by a prominent ridge and create a diamond pattern. The apertures are oval, with 3.5 to 
four apertures per 1.0 mm longitudinally and four to six apertures per 1.0 mm diagonally and 
four to six metapores arranged between autozooecia. Pairs of metapores are visible between 
autozooecia even in the transverse view. Diaphragms are absent. 
Streblotrypa (Streblascopora) sp. 2 N = 9 Nf Nm X Min Max S.D. C.V. 
diameter of zoarium 6 6 0.940 0.845 1.12 0.124 13.1 
diameter of axial bundle 4 4 0.250 0.218 0.287 0.037 14.6 
# of tubes in central bundle (trans) 3 3 16.0 14 19 2.65 16.5 
exozone width 6 7 0.204 0.178 0.245 0.026 12.9 
endozone width 4 5 0.482 0.453 0.516 0.025 5.21 
angle (o) of divergence from axial cylinder 1 2 18.0 16 20 2.83 15.7 
angle (o) zooecial tube to surface 1 2 72.5 70 75 3.54 4.88 
wall thickness exozone 6 7 0.031 0.023 0.037 0.005 14.8 
wall thickness endozone 5 6 0.011 0.007 0.017 0.003 30.1 
autozooecial length (tang.) 10 11 0.143 0.130 0.164 0.011 7.57 
autozooecial width (tang.) 10 11 0.100 0.076 0.119 0.015 14.7 
autozooecial width long (trans.) 4 4 0.130 0.123 0.139 0.007 5.32 
autozooecial width narrow (trans.) 5 6 0.111 0.090 0.120 0.014 12.3 
autozooecial width (long) 3 4 0.101 0.087 0.109 0.010 9.94 
autozooecial spacing longitudinally 4 5 0.302 0.251 0.348 0.041 13.7 
autozooecial spacing diagonally 4 5 0.241 0.217 0.269 0.023 9.68 
# of apertures in 1.0 mm longitudinally 5 6 3.75 3.5 4.0 0.274 7.30 
# of apertures in 1.0 mm diagonally (tang.) 5 6 5.17 4.0 6.0 0.816 15.8 
metapore diameter 10 10 0.019 0.015 0.025 0.004 20.5 
# of metapores between autozooecia 5 5 5.60 4 6 0.89 16.0 
Table 2 - Summary measurements for Streblotrypa (Streblascopora) sp.2. Abbreviations as for Table 1. All measurements are in 





The zoarium is ramose and robust with a diameter of 0.845-1.12 mm. The exozone is 
0.178 to 0.245 mm wide and the endozone is 0.453 to 0.516 mm wide. The axial bundle has 14 
to 19 zooecial tubes and four to six metapores appear between autozooecia in two or more 
columns with an average of 5.6. Autozooecial walls are laminated, but the zoarium has a 
partially granular composition that has deteriorated while sturdier laminated structures remain 
intact. All specimens are significantly decomposed. The zooecia in the axial bundle are small and 
round. In the endozone, zooecia distal to the axial bundle are large and round or slightly oval in 
transverse section and lengthen through the exozone into ovals in tangential section.  
Autozooecia are 0.076 to 0.119 mm wide and 0.130 to 0.164 mm long in tangential with 
a ratio of mean width to mean length of about 7:10. The autozooecia are regularly spaced, 
arranged in rows longitudinally with diamond-shaped ridges enclosing both apertures and 
metapores within the rows (Plate 2:3). There are 3.5 to four apertures in 1.0 mm longitudinally 
and four to six apertures in 1.0 mm diagonally in tangential section. Autozooecial centers are 
0.251 to 0.348 mm apart longitudinally and 0.217 to 0.269 mm apart diagonally in tangential 
section. Diaphragms are absent.  
Only two measurable longitudinal sections were obtained, and one poor specimen shows 
the autozooecia budding from the axial bundle (Plate 2:5). In this specimen, the autozooecia 
diverge from the bundle at 16 to 20 degrees and bend at the transition between endozone and 
exozone at 70 to 75 degrees. The autozooecial walls are thin in the endozone and thicken 
significantly in exozone. Metapores arise from the autozooecial wall at the base of the exozone 
and bend sharply to reach the zoarial surface. Metapores are small at zoarial surface with a mean 
diameter of 0.025 mm, but metapore tubes enlarge slightly into deeper exozone. There are 
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usually four to six metapores between autozooecia, but they may appear in two or three columns 
and arrangement is not consistent. 
Discussion 
 The morphometrics of S. Streblascopora sp. 2 largely fall within the ranges of S. 
Streblascopora sp. 1, but it is differentiated from S. Streblascopora sp. 1 by the irregularity of 
metapore arrangement and the granular zoarial material more prone to decomposition. S. 
Streblascopora sp. 2 also has wider autozooecia in ratio to autozooecial length as well as smaller 
mean zoarium, exozone, and axial bundle widths.  
Material  
 Ten fragments were examined from the Kungurian cherty limestone of the T4 section of 
the Toroweap Formation in the northern Muddy Mountains. 
 
Sub-genus Streblotrypa (Streblotrypa) Vine, 1885 
Streblotrypa (Streblotrypa) sp. 
Table 3; Plate 3 
 
Type Species - Streblotrypa nicklisi Vine, 1885 (Corrected as S. nicklesi Hageman 1993), first 
described in the Mississippian of Illinois.  
Remarks 
Streblotrypa (Streblotrypa) Vine, 1885 differs from S. (Streblascopora) Bassler, 1929 by 
having an indistinct axial bundle that holds fewer than 10 axial zooecia. The genus is distinctive 
for possessing metapores arranged in two or three rows between autozooecia. 
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Diagnosis   
The axial bundle is less distinct and smaller than in S. Streblascopora, with four to nine 
zooecial tubes. The autozooecia are arranged in longitudinal rows, alternating so that apertures in 
adjacent rows create a diamond pattern with prominent ridges between the rows. Autozooecia are 
round in cross-section and apertures are oval, with three to six apertures per 1.0 mm 
longitudinally and four to six apertures per 1.0 mm diagonally in tangential view. There are four 
to eight metapores in pairs between autozooecia in tangential view and pairs of metapores are 
clearly visible in cross-section in both transverse and longitudinal views. Diaphragms and 
hemisepta are absent. 
Streblotrypa (Streblotrypa) sp. N = 55 Nf Nm X Min Max S.D. CV 
diameter of zoarium 47 59 0.681 0.413 1.06 0.152 22.3 
diameter of axial bundle 39 48 0.194 0.111 0.374 0.057 29.2 
diameter of axial cylinder 39 50 0.066 0.032 0.113 0.018 26.5 
# of tubes in central bundle (long.) 40 51 2.84 1 4 0.464 16.3 
# of tubes in central bundle (trans.) 26 29 7.45 4 9 1.24 16.7 
exozone width 43 54 0.204 0.119 0.344 0.053 25.8 
endozone width 43 54 0.265 0.140 0.459 0.085 32.0 
angle (o) of divergence from axial cylinder 21 23 23.6 15 37 6.93 29.4 
angle (o) zooecial tube to surface 21 23 67.5 42 91 13.4 19.9 
wall thickness exozone 42 53 0.021 0.010 0.038 0.007 32.4 
wall thickness endozone 42 53 0.010 0.005 0.018 0.003 26.9 
autozooecial length (tang.) 16 19 0.147 0.082 0.207 0.027 18.3 
autozooecial width (tang.)  16 19 0.086 0.038 0.115 0.019 22.0 
autozooecial width long (trans.) 29 31 0.133 0.104 0.199 0.027 20.1 
autozooecial width narrow (trans.) 29 31 0.096 0.075 0.115 0.013 13.1 
autozooecial width (long.) 22 24 0.102 0.072 0.136 0.016 15.9 
autozooecial spacing longitudinally 53 71 0.246 0.105 0.567 0.082 33.4 
autozooecial spacing diagonally (tang.) 39 47 0.159 0.101 0.291 0.045 28.5 
# of apertures in 1.0 mm longitudinally 31 38 3.92 3 6 0.539 13.8 
# of apertures in 1.0 mm diagonally (tang.) 15 18 5.06 4 6 0.450 8.90 
metapore diameter 55 74 0.020 0.011 0.034 0.005 23.9 
# of metapores between autozooecia 30 42 4.52 4 8 0.994 22.0 
Table 3 - Summary measurements for Streblotrypa (Streblotrypa) sp. Abbreviations as for Table 1. All measurements are in 




Description. These are small, ramose, often delicate colonies. The zoarium is 0.413 to 
1.06 mm in diameter with an exozone 0.119 to 0.344 mm wide and an endozone 0.140 to 0.459 
mm wide. Autozooecia bud from axial bundle and bend sharply at the transition between 
endozone and exozone. The zooecial walls are thin in the endozone and thicken in exozone 
where apertures and small metapores open to the zoarial surface. The wall between autozooecia 
and metapores thickens significantly from the endozone/exozone transition out to the surface in 
longitudinal section (Plate 3:1-4). Diaphragms and hemisepta are absent. 
The axial bundle is a significant portion of the endozone, with fewer than 10 zooecial 
tubes in the bundle. In longitudinal section, the bundle is often visible as small round circles at 
the proximal end of the colony before elongating distally (Plate 3:1,3). Autozooecia bud from the 
axial bundle, diverging at 15 to 37 degrees before bending sharply at 42 to 91 degrees at the 
transition between endozone and exozone. The zooecial walls are laminated, and the autozooecia 
are round to sub-round in the endozone in transverse section but lengthen through the exozone 
into ovals in tangential section. 
Autozooecia range in length from 0.082 to 0.207 mm with a mean of 0.147 mm and 
range in width from 0.038 to 0.115 mm with a mean of 0.086 mm. The autozooecium mean 
width-to-length ratio is about 7:12. The autozooecia are regularly spaced, arranged in rows 
longitudinally with diamond-shaped ridges enclosing apertures and metapores in the rows. There 
are three to six apertures in 1.0 mm longitudinally and four to six apertures diagonally in the 
tangential section. Autozooecia centers are 0.105 to 0.567 mm apart longitudinally and 0.101 to 
0.291 mm apart diagonally in tangential section.  
Four to eight metapores appear in the exozone between autozooecia with a mean of 4.5 in 
number. Metapores arise from interior zooecial walls at the base of the exozone and bend sharply 
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to reach the zoarial surface. Metapores are small, with a mean diameter of 0.020 mm at the 
zoarial surface, but metapores enlarge deeper in the exozone.  
Discussion 
 Streblotrypa (Streblotrypa) is differentiated from the two S. (Streblascopora) species in 
the Toroweap by having fewer than 10 tubes in the axial bundle as well as by a greatly reduced 
zoarium diameter and thinner exozonal walls.  
Material  
 Fifty-one fragments of S (Streblotrypa) sp. were examined from the Kungurian cherty 
limestone of Section T4 of the Toroweap Formation in the north Muddy Mountains and four 
fragments were examined from the cherty limestone at foot level 133.0 of the T3 location. 
Occurrence.  
The subgenus S. Streblotrypa is present from the Middle Devonian (Givetian) to the 
Upper Permian (Lopingian) worldwide. 
 
 
Family RHABDOMESIDAE Vine, 1883  
Genus Rhabdomeson Young and Young, 1874 
Rhabdomeson sp. 
Table 4; Plate 4 
  
Type Species - Rhabdomeson progracile Wyse Jackson & Bancroft, 1995 (ICZN Opinion 1874). 
Synonym: Coeloconus rhombicus Ulrich, 1890. 
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Remarks – The genus Rhabdomeson is distinctive in possessing a large, hollow axial cylinder 
and small paurostyles regularly arranged around the aperture. 
Diagnosis   
The zoarium is ramose with cylindrical branches, and the axis is formed by a single 
hollow cylinder. The diameter of the axial cylinder is generally larger than that of autozooecia 
but rarely more than twice as large. Autozooecia diverge from the axial cylinder at 14 degrees to 
32 degrees and bend to surface more abruptly at 43 degrees to 64 degrees. Diaphragms are 
absent. Prominent acanthostyles occur between autozooecia, and paurostyles are common. 
Rhabdomeson sp.  N=28 Nf Nm X Min Max S.D. C.V. 
diameter of zoarium 26 37 0.590 0.332 0.955 0.159 27.0 
exozone width 27 37 0.138 0.064 0.264 0.054 38.8 
endozone width 27 37 0.292 0.118 0.535 0.085 29.0 
diameter of axial cylinder 27 34 0.093 0.060 0.249 0.033 35.0 
angle (o) of divergence from axial cylinder 11 19 22.6 14.0 32.0 5.68 25.1 
angle (o) zooecial tube to surface 5 9 51.6 43.0 64.0 6.15 11.9 
wall thickness exozone 26 37 0.021 0.013 0.057 0.008 38.4 
wall thickness endozone 27 35 0.010 0.006 0.018 0.003 28.6 
autozooecial length (tang.) 10 14 0.158 0.104 0.284 0.046 28.9 
autozooecial width (tang.) 13 18 0.097 0.075 0.145 0.017 17.9 
autozooecial length (trans.) 17 18 0.128 0.102 0.182 0.020 15.9 
autozooecial width (trans.) 21 23 0.103 0.076 0.129 0.012 11.5 
autozooecial width (long.) 24 33 0.092 0.072 0.126 0.012 12.7 
# of apertures longitudinally per mm 10 18 3.14 3 5 0.782 24.9 
dist. between autozooecial centers horizontally 26 34 0.172 0.102 0.253 0.038 22.1 
# of paurostyles about aperture 8 14 7.36 4 11 2.76 37.5 
paurostyle diameter 26 34 0.043 0.025 0.072 0.013 29.3 
paurostyle core diameter 26 34 0.012 0.007 0.023 0.004 32.8 
Table 4 - Summary measurements for Rhabdomeson sp.  Abbreviations as for Table 1. All measurements are in millimeters, 









The zoarium is ramose with a diameter between 0.33 and 0.96 mm and a mean diameter 
of 0.59 mm. The axial cylinder diameter is often larger than the surrounding autozooecia but not 
consistently. The cylinder is straight and comprises approximately one-sixth the diameter of the 
zoarium. The exozone comprises just less than one-fourth the radius of the zoarium, and 
diaphragms and hemisepta are absent. 
The autozooecial tubes diverge at a low angle to the axial cylinder, with a mean of 22.6 
degrees, and curve through the endozone to the zoarial surface at a mean angle of 51.6 degrees. 
The walls are thin in the inner endozone and increase in thickness approaching and through the 
exozone. The autozooecia are arranged in a diamond pattern in tangential section with distinct 
paurostyles arranged around the apertures. The autozooecia range from 0.075 to 0.145 mm in 
width with a mean of 0.097 mm and 0.104 to 0.284 mm in length with a mean of 0.157 mm. The 
autozooecia have a mean width-to-length ratio of about 3:5. Apertures are regularly spaced, with 
3 to 5 apertures per 1mm longitudinally.  
Four to 11 paurostyles circle each aperture with a mean diameter of 0.043 mm and a 
mean core diameter of 0.012 mm so that the core represents one-fourth to one-third the 
paurostyle diameter.  Infrequent acanthostyles with prominent cores develop in the mid to outer 
exozone and project from the zoarial surface between autozooecia as sharp spines.  
Discussion 






Twenty-three zoarial fragments were studied from foot level 133.0 at the T3 location in 
the foothills of the Bird Spring Range and five zoarial fragments were studied from T4 in Dune 
Buggy Canyon in the northern Muddy Mountains. 
Occurrence 





Order Trepostomida. Systematics based on Caroline Buttler’s unpublished materials prepared for 
the future updated Treatise and Reid (2021).  
 
Order TREPOSTOMIDA Ulrich, 1882 
Family- MONTICULIPORIDAE Nicholson, 1881 
Subfamily HETEROTRYPINAE Ulrich, 1890 
Genus Paralioclema Morozova 1961 
Paralioclema sp. 
Table 5; Plate 5 
 
Type Species - Paralioclema ninae Morozova, 1961, Upper Devonian, Kunetz Basin, Russia.  
Diagnosis 
The zoarium is ramose and the autozooecia bend sharply at exozone to open at zoarial 
surface. The exozone is narrow, and the endozone comprises three fifths of the branch diameter. 
The endozone walls are thin and occasional diaphragms are observed in autozooecia. Zooecial 
walls are crenulated with small monilae. Acanthostyles are common about autozooecia in the 
exozone along with occasional mesozooecia. 
Paralioclema sp.   N=11 Nf Nm X Min Max S.D. C.V. 
diameter of zoarium 7 14 1.17 0.860 1.49 0.200 17.1 
autozooecial width narrow dimension 7 20 0.135 0.099 0.201 0.030 22.0 
autozooecial width long dimension 7 20 0.160 0.111 0.210 0.030 18.5 
autozooecial width (long.) 8 15 0.127 0.098 0.191 0.027 21.5 
distance between autozooecial centers 11 19 0.260 0.182 0.423 0.063 24.3 
# of apertures per 1mm 10 18 4.06 3 5 0.662 16.3 
exozone width 8 16 0.229 0.173 0.311 0.042 18.3 
endozone width 8 15 0.715 0.437 1.15 0.197 27.5 
angle (o) of divergence from axial cylinder 5 9 19.4 12 35 8.49 43.6 
angle (o) autozooecial tube to surface 5 9 60.6 50 79 8.89 14.7 
exozone wall thickness 9 17 0.019 0.011 0.032 0.005 28.1 
endozone wall thickness 8 16 0.008 0.005 0.014 0.002 29.8 
style diameter 11 19 0.039 0.029 0.053 0.006 15.3 
style core diameter 11 19 0.013 0.010 0.018 0.003 19.8 
# of mesozooecia around autozooecia 7 11 2.09 1 3 0.539 25.8 
mesozooecia width narrow dimension 9 15 0.048 0.033 0.080 0.014 30.0 
Table 5 - Summary measurements for Paralioclema Sp.  Abbreviations as for Table 1. All measurements are in millimeters, 




The zoarium is ramose and ranges in diameter from 0.860 to 1.49 mm with a mean of 
1.17 mm. The exozone is narrow, from 1.17 to 0.311 mm wide, comprising less than two-fifths 
the total zoarial diameter. The endozone ranges from 0.437 to 1.15 mm wide and comprises more 
than three-fifths the total zoarial diameter.  
Autozooecia are of small to intermediate size in tangential section and are generally a 
quadrangular to sub-oval shape. The autozooecia range from 0.099 to 0.201 mm in the short 
dimension with a mean of 0.135 mm and 0.111 to 0.210 mm in the long dimension with a mean 
of 0.160 mm. There are three to five apertures per millimeter. 
 Autozooecial walls are very thin in the endozone and thicken through the exozone to the 
zoarial surface. Autozooecial walls are moniliform but appear crenulated rather than strongly 
beaded (Plate 5:3). The autozooecia diverge gently from the endozone at about 19 degrees and 
bend sharply at the boundary of the exozone to reach the zoarial surface at a mean of 61 degrees. 
Thin, regularly spaced, slightly concave diaphragms are observed proximal to aperture in the 
longest autozooecial chambers (Plate 5:4). Autozooecial walls are narrow but widen at exozone, 
especially at acanthostyle junctions.  
Acanthostyles develop in the deep exozone at wall junctions and rise above the surface of 
the zoarium. Four to six acanthostyles are arranged about each aperture (Plate 5:6). Mesozooecia 
appear occasionally between autozooecia in no clear orientation.  
Discussion 
Paralioclema is one trepostome in the Toroweap that grows in a ramose rather than 
encrusting form. Diagnostic characters are the number, size, and form of acanthostyles, the 
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frequency and spacing of diaphragms, the number and arrangement of mesozooecia and wall 
thickness. 
Material 
Eleven fragments of Paralioclema were examined in the Toroweap Formation, three 
from site T4 in Dune Buggy Canyon and eight from site T3 in the foothills of the Bird Spring 
Range. 
Occurrence 
Paralioclema ranges from the Lower Devonian (Lochkovian) to the Upper Permian 
(Lopingian) primarily in Russia with rare species reported in China, Mongolia, Australia, the 
Czech Republic and Norway. 
 
 
Family STENOPORlDAE Waagen and Wentzel 1886 
Subfamily STENOPORlNAE Waagen and Wentzel 1886 
Genus Stenopora Lonsdale 1844 
Stenopora sp. 1 
Table 6; Plate 6 
Type species – Stenopora tasmaniensis Lonsdale, 1844, Permian of Tasmania, Australia. 
Remarks – Stenopora is distinguished from Tabulipora Young, 1883 by the absence of 







The zoarium is encrusting and delicate to intermediately robust, forming a single 
unilaminate layer over the encrusted surface. The autozooecial walls are moniliform with 
irregularly spaced monilae. The thickness of exozonal walls varies widely, primarily due to the 
thickening of walls in rounded monilae and thin exozonal walls in between. Diaphragms are 
absent, but thick, hook-like hemisepta commonly inflect zooecia (Plate 6:1). Exilozooecia are 
present but not abundant and acanthostyles appear as both megacanthostyles and 
microacanthostyles. Acanthostyles and monilae deform the autozooecial shape. 
Stenopora sp. 1   N=21 Nf Nm X Min Max S.D. CV*100 
aperture width narrow (tang.) 9 11 0.189 0.124 0.239 0.033 17.5 
aperture width long (tang.) 9 11 0.241 0.125 0.337 0.060 24.9 
distance between aperture centers 21 47 0.227 0.083 0.353 0.054 23.9 
# of apertures per 1mm 18 43 5.06 3 8 1.05 20.8 
autozooecium width narrow (trans.) 11 14 0.162 0.106 0.215 0.036 22.2 
autozooecium width long (trans.) 11 14 0.193 0.118 0.315 0.049 25.4 
autozooecium width (long.) 17 22 0.183 0.138 0.242 0.026 14.1 
autozooecium depth (long.) 17 22 0.368 0.211 0.557 0.090 24.4 
exozone width 17 23 0.345 0.199 0.485 0.081 23.5 
angle (o)  from basal lamina 16 20 68.9 23 90 23.0 33.4 
angle (o) zooecial tube to surface 16 20 83.1 60 94 10.31 12.4 
exozone wall thickness (common) 19 45 0.025 0.010 0.063 0.011 42.2 
exozone wall thickness thickest 20 46 0.044 0.010 0.090 0.019 43.1 
exozone wall thickness thinnest 19 46 0.012 0.004 0.047 0.007 57.0 
endozone wall thickness 18 35 0.008 0.004 0.015 0.003 31.7 
monilae width 21 45 0.043 0.014 0.069 0.012 27.1 
# of styles around autozooecia 11 23 4.43 2 7 1.53 34.6 
style diameter exozone/big 19 44 0.048 0.016 0.077 0.013 27.0 
style core exozone /big 19 44 0.016 0.005 0.027 0.005 34.4 
style diameter endozone / small 20 45 0.027 0.011 0.043 0.008 29.5 
style core endozone / small 20 45 0.010 0.003 0.020 0.004 38.6 
# exilozooecia around autozooecia 11 23 2.17 1 3 0.650 29.9 
exilozooecium width narrow 21 45 0.057 0.016 0.094 0.018 32.5 
Table 6 - Summary measurements for Stenopora sp.1. Abbreviations as for Table 1. All measurements are in millimeters, except 




The zoarium is intermediately robust and develops as a single layer that spreads from a 
basal lamina that has encrusted on algae, brachiopods or other bryozoans. The exozone is wide 
and comprises the majority of the encrusting zoarium. Small zooecia form at the basal lamina 
and increase in size in the direction of growth to reach a mean autozooecial width (short 
dimension) of 0.189 mm and mean autozooecial length (long dimension) of 0.241 mm. 
Autozooecia range in diameter from 0.124 to 0.239 mm in the short dimension and from 0.125 to 
0.337 mm in the long dimension. The ratio of mean autozooecial width to mean length is about 
7:9. There are three to eight apertures per millimeter. 
Walls are moniliform with irregularly arranged small monilae from the endozone through 
the exozone at varying intervals. The monilae shapes are not uniform and may present in cross-
section as bulbous, pyriform or elongate growths and range in width from 0.014 to 0.069 mm. 
The three-dimensional form of the monilae is like a tire inner tube forming the autozooecial wall, 
not always in an equidistant manner. The monilae do not overlap and are separated by exozonal 
walls of varying thickness, from 0.004 to 0.090 mm thick, although the mean wall thickness for 
common exozonal walls is 0.029 mm.  
Diaphragms are absent, but large hook-like hemisepta occasionally project from 
autozooecial walls. These are thick and appear only on one side of the autozooecial chamber. 
Acanthostyles of varying sizes are commonly found at the junctions of zooecial walls, 
with two to seven about each autozooecium. Acanthostyles are rarely found away from wall 
junctions. Macroacanthostyles are well developed and range in width from 0.016 to 0.077 mm in 
the exozone with cores representing one-fifth to one-third the total diameter. Microacanthostyles 
range from 0.011 to 0.043 mm, primarily in the endozone.   
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Exilozooecia of small to intermediate size are common but not abundant, with one to 
three found about most autozooecia. The exilozooecia are sub-oval to polygonal in shape and 
measurements are of the narrow dimension. 
Discussion 
Stenopora species are similar to Stenodiscus but lack diaphragms and differ from 
Tabulipora by the absence of ring septa. 
Material 
Twenty-one zoarial fragments of Stenopora sp.1 were examined in the Toroweap 
Formation, 19 from site T4 in Dune Buggy Canyon and two fragments from site T3 in the 
foothills of the Bird Spring Range.  
Occurrence 
Stenopora is a common genus found worldwide, especially in Russia, China, and 
Australia, and ranges from Lower Mississippian (Tournaisian) to Upper Permian (Lopingian), 
although Vinassa de Regny (1901) reported a possible Stenopora? kocki in Upper Triassic 
materials (Carnian) in Hungary, and Billings (1859) reported Stenopora patula in the Middle 




Stenopora sp. 2 
Table 7; Plate 7 
Diagnosis 
The zoarium is encrusting and may be unilaminate or multilaminate.  Autozooecia are 
highly variable in size and spacing with abundant exilozooecia. The autozooecial walls are 
crenulated with small monilae and wall thickness varies largely due to presence of monilae. 
Diaphragms and hemisepta are absent. Acanthostyles are commonly found at the intersections of 
autozooecial walls. Autozooecia are round, ovate or polygonal and vary widely in size. 
Stenopora sp. 2   N=17 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 14 31 0.200 0.126 0.251 0.030 15.1 
autozooecial width long dimension 14 31 0.241 0.137 0.345 0.052 21.5 
autozooecial width (long.) 11 16 0.176 0.130 0.215 0.023 12.9 
autozooecial depth (long.) 11 16 0.464 0.314 1.02 0.189 40.7 
distance between autozooecial centers 16 46 0.249 0.171 0.384 0.047 19.0 
# of apertures per 1mm 16 46 4.59 4 8 0.825 18.0 
angle (o)  from basal lamina 11 15 67.1 19 90 26.6 39.6 
angle (o) zooecial tube to surface 11 15 83.7 52 90 10.1 12.1 
exozone width 17 15 0.432 0.237 1.08 0.205 47.5 
exozone wall thickness (common) 17 47 0.023 0.013 0.062 0.008 36.0 
exozone wall thickness thickest 17 44 0.040 0.019 0.088 0.015 36.3 
exozone wall thickness thinnest 17 44 0.011 0.007 0.024 0.004 33.1 
endozone wall thickness 16 32 0.008 0.005 0.012 0.002 23.0 
monilae width 17 47 0.043 0.015 0.097 0.015 35.4 
# of styles around autozooecia 13 30 4.47 2 6 1.07 24.1 
style diameter exozone/big 16 45 0.053 0.024 0.088 0.013 24.8 
style core exozone /big 16 45 0.015 0.008 0.021 0.003 23.0 
style diameter endozone / small 16 46 0.026 0.010 0.039 0.006 21.1 
style core endozone / small 16 45 0.008 0.004 0.014 0.002 26.1 
# exilozooecia around autozooecia 14 31 3.03 2 5 0.752 24.8 
exilozooecia width narrow 17 47 0.059 0.017 0.097 0.019 32.6 
Table 7 - Summary measurements for Stenopora sp.2. Abbreviations as for Table 1. All measurements are in millimeters, except 






The zoarium is encrusting and of intermediate robustness. The autozooecia are generally 
sub-round but may be polygonal and autozooecial dimensions are highly inconsistent even in a 
small area of the zoarium, ranging from 0.126 to 0.251 mm wide (narrow dimension) and 0.137 
to 0.345 long (wide dimension). The mean autozooecial width is 0.200 mm and the mean 
autozooecial length is 0.241 mm, with a ratio of mean autozooecial width to length of about 5:6. 
There are four to eight apertures per 1.0 mm. 
Walls are moniliform through the endozone and exozone to the zoarial surface. The 
monilae range in width from 0.015 to 0.097 mm thick with a mean of 0.059 mm. The monilae do 
not overlap and may appear both bulbous and elongate. Wide monilae are not common, and most 
monilae are small and give the walls a crenulated appearance. Hook-like hemisepta occasionally 
inflect the autozooecia from one side (Plate 7:3). Exozonal walls are of varying thickness, from 
0.011 to 0.088 mm thick with a common wall thickness mean of 0.023 mm. The exozone is wide 
and comprises the majority of the encrusting colony.  
Acanthostyles are of small to intermediate size and are found at the junctions of 
autozooecial walls, with two to six about each aperture (Plate 7:1,6). Exozonal 
macroacanthostyles range in size from 0.024 to 0.088 mm in diameter with a mean of 0.053 mm 
and core diameters that range from 0.008 to 0.021 mm. Microacanthostyles are found in the 
endozone and deep exozone and range from 0.010 to 0.039 mm with a mean diameter of 0.026 
mm.  
The exilozooecia are small but relatively abundant with two to five about the 
autozooecium (Plate 7:1). They vary in size and shape, from sub-round to polygonal in outline 




Stenopora sp.2 differs from Stenopora sp. 1 in the increased number of exilozooecia, 
greater crenulation of zooecial walls with fewer large monilae and a greater size variation among 
autozooecia within a small area of the encrusting zoarium. 
Material 
Seventeen zoarial fragments of Stenopora sp. 2 were examined in the Toroweap 
Formation from site T4 in Dune Buggy Canyon. All fragments of Stenopora sp. 2 examined 





Stenopora sp. 3 
Table 8; Plate 8 
Diagnosis 
The zoaria is encrusting and autozooecia are variable in size and spacing. The 
autozooecial walls are moniliform and deformed by both macro and microacanthostyles. The 
thickness of exozonal walls varies widely due to both monilae and prominent acanthostyles. 
Exilozooecia are infrequent. Autozooecia are sub-oval, sub-rectangular, or polygonal with 






Stenopora sp. 3  N=10 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 6 12 0.200 0.101 0.255 0.044 22.2 
autozooecial width long dimension 5 11 0.248 0.198 0.349 0.045 18.2 
autozooecial width (long.) 9 13 0.496 0.363 0.750 0.117 23.5 
autozooecial depth (long.) 9 13 0.212 0.165 0.291 0.032 14.9 
distance between autozooecial centers 10 24 0.247 0.144 0.452 0.067 27.1 
# of apertures per 1mm 10 24 4.42 3 6 0.843 19.1 
angle (o)  from basal lamina 7 15 63.9 23 90 24.7 38.7 
exozone width 7 15 0.446 0.341 0.586 0.081 18.2 
exozone wall thickness (common) 10 24 0.024 0.009 0.046 0.009 38.6 
exozone wall thickness thickest 10 24 0.051 0.025 0.095 0.017 32.8 
exozone wall thickness thinnest 10 24 0.012 0.007 0.023 0.004 36.7 
endozone wall thickness 10 22 0.009 0.004 0.019 0.003 35.9 
monilae thickest 10 24 0.050 0.022 0.080 0.014 27.7 
angle (o) autozooecial tube to surface 7 15 87.1 60 101 11.0 12.6 
# of styles around autozooecia 6 14 4.64 2 6 1.22 26.2 
style diameter exozone/big 10 24 0.069 0.038 0.098 0.018 26.0 
style core exozone /big 10 23 0.024 0.009 0.051 0.011 45.5 
style diameter endozone / small 10 24 0.031 0.013 0.047 0.009 28.8 
style core endozone / small 10 23 0.010 0.005 0.020 0.003 34.2 
# exilozooecia around autozooecia 5 13 1.31 0 2 0.751 57.4 
exilozooecium width narrow 9 19 0.077 0.033 0.145 0.032 40.9 
Table 8 - Summary measurements for Stenopora sp.3. Abbreviations as for Table 1. All measurements are in millimeters, except 
for angle measurements, which are in degrees. 
 
Description 
The zoarium is unilaminate encrusting and intermediately robust. Small autozooecia 
develop intermittently and increase rapidly in size in the direction of growth to reach a mean 
width (short dimension) of 0.200 mm and mean length (long dimension) of 0.248 mm. 
Autozooecia range in diameter from 0.101 to 0.255 mm in the short dimension and from 0.198 to 
0.349 mm in the long dimension. The ratio of mean autozooecial width to length is about 4:5. 
There are three to six apertures per 1.0 mm. 
The exozone ranges from 0.341 to 0.586 mm wide with a mean of 0.446 mm and 
comprises most of the encrusting zoarium. Autozooecia often diverge from the basal lamina and 
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grow through the exozone to the zoarial surface at 90 degrees, but autozooecia may also diverge 
from the basal lamina at angles as low as 23 degrees and bend toward the zoarial surface at 60 to 
101 degrees (Plate 8:5,6). 
The endozone walls have a mean thickness of 0.009 mm and widen dramatically at the 
transition to the exozone. The exozone walls are crenulated with notable thickening and thinning, 
but clear bulbous or pyriform monilae are sporadic. The monilae are irregular and range in width 
from 0.022 to 0.080 mm with a mean of 0.050 mm. The poor formation of many monilae prevent 
their consistent distinction from exozonal walls, which are narrow and range in thickness from 
0.007 to 0.023 mm in the thinnest walls and from 0.025 to 0.095 mm in the thickest walls. The 
common exozonal wall has a mean thickness of 0.024 mm. 
Well-developed small to intermediate acanthostyles widen the walls at intersections but 
also between, with two to six acanthostyles about the autozooecium. These are round to ovate in 
outline. They begin small in the endozone, develop into small and intermediate-sized 
acanthostyles in the exozone and occasionally expand in the exozone to acanthostyles nearly 
0.100 mm in diameter. Exozonal acanthostyles range in diameter from 0.038 to 0.098 mm with a 
mean of 0.069 mm and endozonal acanthostyles range in diameter from 0.013 to 0.047 mm with 
a mean of 0.031. The cores of the exozonal styles are generally small, but the largest styles have 
wide cores so that the cores range from 0.009 to 0.051 mm with a mean of 0.024 mm. 
Exilozooecia are small to intermediate with a range of 0.033 to 0.145 mm and are 






Stenopora sp. 3 is distinguished from Stenopora sp. 1 and S. sp. 2 by its significant 
acanthostyles with generally small cores that form both at wall junctions but also regularly 
outside wall junctions, poor monilae formation, notable rapid widening of walls at the exozone 
transition, absence of hook-like hemisepta, and relative paucity of exilozooecia. 
Material 
Ten zoarial fragments of Stenopora sp. 3 were examined in the Toroweap Formation, 
nine from site T4 in Dune Buggy Canyon and one fragment from site T3 in the foothills of the 
Bird Spring Range. 
 
 
Stenopora sp. 4 
Table 9; Plate 9 
Diagnosis 
The zoarium is encrusting and delicate. The autozooecial walls are moniliform with 
irregularly-spaced, poorly-formed monilae. Exozonal wall thickness varies widely, primarily due 
to the widening of walls in monilae. Acanthostyles form at wall junctions but are not as 
prominent a feature as monilae. Hemisepta are absent, but terminal diaphragms appear just 
proximal to the apertures of multiple autozooecia. Autozooecia are sub-round or polygonal with 





Stenopora sp. 4   N=3 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 2 7 0.183 0.152 0.215 0.021 11.6 
autozooecial width long dimension 1 6 0.249 0.182 0.312 0.042 16.7 
autozooecial width (long.) 3 8 0.178 0.145 0.200 0.019 10.6 
autozooecial depth (long.) 3 8 0.656 0.470 0.901 0.136 20.8 
distance between autozooecial centers 3 8 0.193 0.133 0.241 0.033 16.9 
# of apertures per 1mm 3 8 5.06 4 7 0.863 17.1 
exozone wall thickness (common) 3 8 0.028 0.018 0.045 0.009 32.7 
exozone wall thickness thickest 3 8 0.053 0.027 0.098 0.022 42.3 
exozone wall thickness thinnest 3 8 0.013 0.009 0.030 0.007 54.0 
endozone wall thickness 3 8 0.011 0.004 0.014 0.003 31.4 
monilae thickest 3 8 0.056 0.042 0.080 0.015 26.3 
exozone width 3 8 0.700 0.414 0.969 0.174 24.9 
angle (o)  from basal lamina 3 8 67.5 37 90 20.9 30.9 
angle (o) zooecial tube to surface 3 8 91.4 74 123 14.4 15.7 
# of styles around autozooecia 1 2 3.50 3 4 0.707 20.2 
style diameter exozone 3 8 0.057 0.042 0.078 0.014 24.8 
style core exozone 3 8 0.017 0.008 0.025 0.007 39.6 
style diameter endozone 3 8 0.032 0.016 0.055 0.013 41.0 
style core endozone 3 8 0.009 0.005 0.019 0.004 45.6 
# of exilozooecia around autozooecia 1 2 2.50 1 3 0.707 28.3 
exilozooecium width narrow 3 8 0.067 0.053 0.076 0.009 13.4 
Table 9 - Summary measurements for Stenopora sp.4. Abbreviations as for Table 1. All measurements are in millimeters, except 
for angle measurements, which are in degrees. 
 
Description 
The zoarium is encrusting and of intermediate robustness. Small zooecia develop at the 
basal lamina and autozooecia radiate from these in the direction of growth. Autozooecia have a 
mean width (short dimension) of 0.183 mm and mean length (long dimension) of 0.249 mm. 
Autozooecia range in diameter from 0.152 to 0.215 mm in the short dimension and from 0.182 to 
0.312 mm in the long dimension. The ratio of mean autozooecial width to length is about 3:4, but 
a total of three zoarial fragments were examined and measurements may not represent full range 
of the species. There are four to seven apertures per 1.0 mm. 
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Walls are crenulated and moniliform with irregularly arranged, small, poorly-defined 
monilae from the endozone through the exozone to the zoarial surface. The monilae range in 
width from 0.042 to 0.0800 mm with a mean of 0.056 mm. Exozonal walls are almost entirely 
moniliform and distinguishing simple walls from monilae is difficult. The mean of the thickest 
exozonal walls is 0.053 mm with a range of 0.027 to 0.098 mm. The mean of the thinnest 
exozonal walls is 0.013 mm with a range of 0.009 to 0.030 mm, and the mean of common walls 
is 0.028 mm.   
The exozone width of Stenopora sp. 4 is greater than the other Toroweap species of this 
genus, ranging from 0.414 to 0.969 mm with a mean of 0.700 mm primarily due to deeper 
autozooecia. The exozone comprises the majority of the encrusting zoarium. Thin terminal 
diaphragms appear at the distal ends of several autozooecia, but additional diaphragms are 
absent.  
Acanthostyles are of small to intermediate size and are found at the junctions of 
autozooecial walls, with 3 to 4 about each autozooecium. Acanthostyles range from 0.016 to 
0.078 mm in diameter with core diameters of 0.005 to 0.025 mm. The larger of the acanthostyles, 
primarily in the exozone, have a mean diameter of 0.057 mm and smaller, primarily endozonal 
acanthostyles have a mean of 0.032 mm.  
Exilozooecia are of small size and are polygonal in outline. They are common, but not 







Stenopora sp. 4 differs from the other Stenopora species in the Toroweap in its deeper 
autozooecia and wider exozone, poorly developed monilae, absence of hemisepta and presence 
of terminal diaphragms. 
Material 
Three zoarial fragments of Stenopora sp. 4 were examined in the Toroweap Formation, 




Stenopora sp. 5 
Table 10; Plate 10 
Diagnosis 
The zoarium is encrusting and intermediately robust. Occasional bulb or pyriform 
monilae deform walls between numerous acanthostyles. Exozonal wall thickness varies widely 
due to thickening in monilae and large acanthostyles and thinning of exozonal walls in between. 
Occasional notably large macroacanthostyles distinguish this species, appearing sporadically 
among numerous intermediate-sized acanthostyles around autozooecia. Hemisepta and 
diaphragms are absent. Autozooecia are sub-round or polygonal in transverse section with 






Stenopora sp. 5   N=7 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 7 11 0.191 0.150 0.263 0.036 18.9 
autozooecial width long dimension 7 11 0.234 0.177 0.288 0.037 15.8 
autozooecial width (long.) 3 3 0.190 0.179 0.211 0.018 9.4 
autozooecial depth (long.) 3 3 0.414 0.329 0.503 0.087 21.0 
distance between autozooecial centers 7 13 0.222 0.156 0.293 0.041 18.5 
# of autozooecia per 1mm 7 13 4.77 4 6 0.665 13.9 
exozone wall thickness 7 13 0.020 0.009 0.039 0.009 46.4 
exozone wall thickness thickest 7 13 0.047 0.027 0.076 0.015 33.2 
exozone wall thickness thinnest 7 13 0.009 0.005 0.012 0.002 22.9 
endozone wall thickness 7 10 0.010 0.007 0.013 0.002 19.7 
monilae width thickest 7 13 0.051 0.031 0.080 0.016 31.7 
# of styles around autozooecia 6 10 5.10 4 6 0.74 14.5 
style diameter exozone/big 7 13 0.082 0.054 0.126 0.019 23.2 
style core exozone /big 7 13 0.039 0.014 0.086 0.019 49.1 
style diameter endozone / small 7 13 0.032 0.023 0.042 0.006 18.7 
style core endozone / small 7 13 0.014 0.005 0.020 0.005 32.9 
# of exilozooecia around autozooecia 6 11 1.55 0 3 1.13 73.0 
exilozooecium width narrow 6 10 0.072 0.037 0.093 0.017 24.2 
Table 10 - Summary measurements for Stenopora sp.5. Abbreviations as for Table 1. All measurements 
are in millimeters. 
 
Description 
The zoarium is encrusting and robust. Zooecia radiate from the basal lamina. 
Autozooecia are intermediate in size and range in diameter from 0.150 to 0.263 mm in the short 
dimension and from 0.177 to 0.288 mm in the long dimension in transverse and tangential 
section. Autozooecia have a mean width (short dimension) of 0.191 mm and mean length (long 
dimension) of 0.234 mm. The ratio of mean autozooecial width to length is about 4:5, but a total 
of seven zoaria were examined and measurements may not represent full range of the species.  
There were four to six apertures per 1.0 mm. 
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Walls are moniliform with occasional bulbous or pyriform or elongate monilae from the 
endozone through the exozone, interspersed between acanthostyles that are the prominent feature 
of this species. The monilae range in width from 0.031 to 0.080 mm thick with a mean of 0.051 
mm. In the tangential and transverse sections, exozonal wall thickness varies dramatically, but 
whether this is fully due to monilae is uncertain. The mean of the thickest exozonal walls is 
0.047 mm with a range of 0.027 to 0.076 mm, and the mean of the thinnest exozonal walls is 
0.009 mm with a range of 0.005 to 0.012 mm. The mean of common walls is 0.020 mm.   
The exozone comprises most of the encrusting colony. Both microacanthostyles and 
macroacanthostyles are present in the exozone, with four to six about each autozooecium. 
Microacanthostyles are small and are found both at the junctions of autozooecial walls and 
outside those junctions. Macroacanthostyles are intermediate to notably large and laminated. The 
largest are few in number but are prominent when they appear at wall junctions.  
Macroacanthostyles range from 0.054 to 0.126 mm with a mean of 0.082 mm. These have large 
calcite cores that represent more than half the style diameter with a mean core diameter of 0.039 
mm. Microacanthostyles range from 0.023 to 0.042 mm in diameter with a mean of 0.032 mm.  
Exilozooecia are small and round to polygonal. They are not abundant, with zero to three 
about apertures.  
Discussion 
Stenopora sp. 5 differs from the other Stenopora species in the Toroweap in the relative 





Seven colony fragments of Stenopora sp. 5 were examined in the Toroweap Formation 
from site T4 in Dune Buggy Canyon.  
 
 
Family - DYSCRITELLIDAE Dunaeva and Morozova 1967 
Subfamily - DYSCRITELLINAE Dunaeva and Morozova 1967 
Genus Dyscritella Girty 1911 
Dyscritella sp. 1 
Table 11; Plate 11 
 
Type species – Dyscritella robusta Girty, 1911, Basal Fayetteville Shale (Chester, 
Mississippian), Cherokee Nation Indian Territory, Oklahoma, USA. 
Diagnosis 
This species has encrusting thin-walled zoaria with a broad range in acanthostyle sizes. 
The acanthostyles grow both at the intersections of autozooecial walls and in the wall between 
intersections and commonly form an axis from which two new walls develop. Styles are small 
near the basal laminae of the encrusting colony but grow larger distally and protrude above the 
zoarial surface. Both small and large acanthostyles are bulbous in transverse and tangential 
section and have wide cores. Autozooecia are of consistent size and rounded. Diaphragms are 
absent, but exilozooecia are common. Autozooecial walls are smooth, lacking monilae, but 




Dyscritella sp.1  N=11 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 10 16 0.210 0.173 0.259 0.023 11.1 
autozooecial width long dimension 10 16 0.261 0.187 0.345 0.040 15.3 
autozooecial width (long.) 7 11 0.191 0.145 0.328 0.053 27.5 
autozooecial depth (long.) 7 10 0.594 0.364 0.890 0.171 28.7 
distance between autozooecial centers 11 27 0.239 0.141 0.369 0.062 26.1 
# of apertures per 1mm 11 27 4.78 3 7 1.04 21.8 
exozone wall thickness (common) 11 26 0.020 0.006 0.047 0.010 49.5 
exozone wall thickness thickest 11 26 0.039 0.013 0.083 0.018 46.9 
exozone wall thickness thinnest 11 26 0.012 0.004 0.032 0.006 52.4 
endozone wall thickness 9 20 0.011 0.005 0.020 0.004 38.5 
# of styles around autozooecia 10 16 3.56 2 5 0.964 27.1 
style diameter exozone/big 11 26 0.074 0.041 0.122 0.022 29.9 
style core exozone /big 11 26 0.032 0.013 0.083 0.014 44.5 
style diameter endozone / small 11 27 0.033 0.021 0.053 0.008 23.0 
style core endozone / small 11 27 0.013 0.007 0.019 0.004 26.7 
# exilozooecia around autozooecia 10 16 1.88 1 3 0.619 33.0 
exilozooecium width narrow 11 27 0.069 0.034 0.154 0.026 36.8 
Table 11 - Summary measurements for Dyscritella sp. 1. Abbreviations as for Table 1. All measurements are in millimeters. 
 
Description 
The zoaria are encrusting and radiate in a branching manner as new autozooecial walls 
develop from walls between the acanthostyles of proximal autozooecia. In the endozone, small 
autozooecia develop from the encrusting basal layer with one to four small acanthostyles about 
them. As the zoarium spreads distally from the basal layer, the autozooecia increase in size with 
smooth to slightly undulating walls. The autozooecia are round to polygonal with no particular 
cross-sectional pattern. Autozooecia are primarily intermediate to large, ranging from 0.173 to 
0.259 mm in the short dimension with a mean of 0.210 mm and 0.187 to 0.345 mm in the long 
dimension with a mean of 0.261 mm. The ratio of mean width to mean length is about 4:5. There 
are three to seven apertures per 1.0 mm.  
The exozonal walls are thin and smooth to slightly undulating in profile. Wall thickness 
is inconsistent and ranges from 0.004 to 0.083 mm, with a mean thickness in the most common 
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walls of 0.020 mm. Even in zoaria with thicker walls, thin wall additions are found interspersed 
to separate autozooecia and exilozooecia (Plate 11:6). Diaphragms are absent. 
Well-developed acanthostyles with significant cores are located at autozooecial corners, 
and new wall intersections develop between them in the formation of additional autozooecia. In 
general, two new autozooecial walls develop from the juncture of each acanthostyle. Endozonal 
acanthostyles are small, but exozonal acanthostyles can range from small to large with smooth, 
laminated walls and clear calcite cores. Exozonal acanthostyles develop deep in the exozone and 
protrude above the surface. They are round in cross-section (ovate at oblique angles) and range 
in diameter from 0.041 to 0.122 mm with a mean of 0.074 mm. Acanthostyle cores are 
significant, making up generally half to two-thirds of the style diameter, with a mean diameter of 
0.032 mm. Endozonal acanthostyles range in diameter from 0.021 to 0.053 mm with a mean of 
0.033 mm. 
Exilozooecia are common but not abundant, forming sporadically with one to three about 
autozooecia. They may be round, ovate, triangular or polygonal in cross-section and are small to 
intermediate in size with a short-dimension width of 0.034 to 0.154 mm and a mean width of 
0.069 mm.   
Discussion 
Girty (1911) originally described Dyscritella as a subgenus under either Batostomella 
Ulrich 1882 or Leioclema Ulrich 1882, but without naming his type species. Bassler (1941) both 
identified the types that Girty had described and clarified that they came from the Fayetteville 
Shale of Oklahoma, not from Arkansas as commonly stated. He also gave Dyscritella its own 
genus, separating it from Batostomella and Leioclema. Notable characteristics of Dyscritella are 
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the absence or rarity of diaphragms, smooth zooecial walls, exilozooecia, and an abundance of 
distinctively large and small acanthostyles. Dyscritella is distinguished from Stenopora by the 
absence of monilae and high development of acanthostyles. 
Material 
The fragments of 11 zoaria from T4 in Dune Buggy Canyon were used in this study. 
These were all found in the top 65 feet (20 m) of the T4 material. 
Occurrence 




Dyscritella sp. 2 
Table 12; Plate 12 
 
Diagnosis  
The zoarium is unilaminate encrusting and delicate. Autozooecia are round to ovate and 
arranged in rows with abundant acanthostyles surrounding them, along with a varying number of 
exilozooecia. Autozooecial walls are formed primarily by acanthostyles, which begin at the basal 





Dyscritella sp.2  N=26 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension (tang.) 15 15 0.155 0.112 0.197 0.028 18.0 
autozooecial width long dimension (tang.) 15 15 0.183 0.136 0.237 0.028 15.6 
autozooecial width short (trans.) 13 13 0.132 0.109 0.153 0.015 11.6 
autozooecial width long (trans.) 13 13 0.166 0.122 0.197 0.024 14.2 
autozooecial width (long.) 8 11 0.133 0.075 0.189 0.035 26.5 
autozooecial depth (long.) 8 11 0.291 0.231 0.438 0.073 25.2 
distance between autozooecial centers 26 41 0.169 0.105 0.271 0.040 23.7 
# of apertures per 1mm 24 39 6.26 5 9 0.986 15.8 
exozone wall thickness (common) 25 40 0.019 0.009 0.066 0.011 57.3 
exozone wall thickness thickest 25 40 0.033 0.013 0.072 0.012 37.8 
exozone wall thickness thinnest 25 40 0.010 0.005 0.019 0.003 35.9 
endozone wall thickness 17 24 0.008 0.004 0.017 0.003 40.5 
# of styles around autozooecia 22 30 7.00 4 12 1.60 22.8 
style diameter exozone/big 26 41 0.049 0.025 0.093 0.016 31.8 
style core exozone /big 26 41 0.017 0.008 0.049 0.007 43.3 
style diameter endozone / small 26 41 0.020 0.012 0.031 0.005 24.9 
style core endozone / small 26 40 0.008 0.004 0.014 0.003 33.7 
# of exilozooecia around autozooecia 21 27 2.81 1 5 1.14 40.7 
exilozooecium width narrow 25 39 0.038 0.016 0.087 0.014 37.4 
 Table 12 - Summary measurements for Dyscritella sp. 2. Abbreviations as for Table 1. All measurements are in millimeters. 
 
Description  
 The zoarium is delicate unilaminate encrusting with small to intermediate apertures 
arranged in rows with abundant small acanthostyles around each autozooecium. Autozooecia are 
round to sub-round or ovate in cross-section and autozooecia begin at basal lamina amidst 
occasional small basal autozooecia with little significant endozone. Autozooecia are relatively 
consistent in size within a single zoarium but range from 0.112 to 0.197 mm in the short 
dimension and 0.136 to 0.237 mm in the long dimension between zoaria. Autozooecia have a 
mean of 0.155 mm wide and 0.183 mm long with an autozooecial mean width to length ratio of 
about 6:7. Autozooecia are generally widest at the aperture and narrow deeper into the exozone 
so that transverse views offer smaller cross-sectional dimensions than the apertures at the surface 
of the zoarium. There are five to nine apertures per 1.0 mm. 
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 The abundant small to intermediate acanthostyles that surround the autozooecium make 
the most prominent feature of this species. Acanthostyles begin deep in the exozone or in the 
endozone at the basal lamina and form a significant portion of the autozooecial walls. The 
acanthostyles are small in the endozone and deep exozone but rise above the zoarial surface as 
much larger bulbous projections. The exozonal acanthostyles range from 0.025 to 0.093 mm in 
diameter, with a mean width of 0.049 mm. These have distinct calcite cores that represent one-
third to one-half their diameter with a mean of 0.017 mm. Small endozonal acanthostyles range 
in diameter from 0.012 to 0.031 mm with a mean of 0.020 mm. 
 The exozonal walls of this species are narrow with thicker portions formed by the 
acanthostyles that surround the autozooecia. The wall thickness ranges from 0.005 to 0.072 mm 
with a mean common wall thickness of 0.019 mm. 
Small ovate to polygonal exilozooecia commonly appear between autozooecia with one 
to five about each autozooecium. These are generally shallow in the longitudinal view and range 
from 0.016 to 0.087 mm wide with a mean of 0.038 mm. 
Discussion 
Dyscritella sp. 2 in the Toroweap is distinguished form D. sp. 1 by the arrangement of 
autozooecia in clear rows, smaller aperture size, and the abundance of acanthostyles around each 
autozooecium. 
Material 




Dyscritella sp. 3 
Table 13; Plate 13 
Diagnosis 
The zoarium is encrusting and of intermediate robustness. Autozooecia are round to ovate 
with walls deformed by prominent, bulbous acanthostyles. Exilozooecia are numerous and of 
small size. Monilae and diaphragms are absent. 
Dyscritella sp. 3  N=22 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 19 20 0.169 0.107 0.216 0.028 16.7 
autozooecial width long dimension 18 19 0.213 0.160 0.256 0.027 12.6 
autozooecial width (long.) 8 9 0.160 0.132 0.223 0.030 18.8 
autozooecial depth (long.) 8 9 0.343 0.218 0.472 0.086 25.2 
distance between autozooecial centers 20 27 0.208 0.139 0.332 0.044 21.0 
# of apertures per 1mm 18 25 5.12 4 7 0.893 17.4 
exozone wall thickness (common) 20 27 0.022 0.008 0.037 0.007 30.9 
exozone wall thickness thickest 21 28 0.039 0.021 0.081 0.014 35.7 
exozone wall thickness thinnest 20 27 0.012 0.005 0.025 0.006 48.1 
endozone wall thickness 9 14 0.011 0.005 0.016 0.003 29.8 
# of  styles around autozooecia 15 18 7.17 4 12 2.41 33.6 
macroacanthostyle diameter 22 29 0.059 0.031 0.084 0.014 23.2 
macroacanthostyle core diameter 22 29 0.022 0.009 0.048 0.009 42.1 
microacanthostyle diameter 22 29 0.025 0.016 0.038 0.006 24.2 
microacanthostyle core diameter 22 29 0.009 0.004 0.014 0.002 27.8 
# exilozooecia around autozooecia 14 17 2.94 2 4 0.748 25.4 
exilozooecium width narrow 21 28 0.044 0.017 0.086 0.018 41.2 
Table 13 - Summary measurements for Dyscritella sp. 3. Abbreviations as for Table 1. All measurements are in millimeters. 
Description  
 These are delicate to intermediately robust unilaminate encrusting zoaria. Small to 
intermediate autozooecia are arranged in rows with abundant bulbous acanthostyles about each 
autozooecium. Autozooecia are round or ovate in cross-section with perimeters deformed by 
acanthostyles that bulge into the autozooecium. Autozooecia begin at the encrusting surface and 
a clearly demarcated endozone is rare. Autozooecia are relatively consistent in size within a 
single zoarium but may range between zoaria from 0.107 to 0.216 mm in the short dimension 
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and 0.160 to 0.256 mm in the long dimension, with means of 0.169 mm wide and 0.215 mm long 
and a mean width to length ratio of about 11:14. There are four to seven apertures per 1.0 mm.  
Four to 12 acanthostyles surround each autozooecium and form the primary structure of 
the autozooecial wall. Both macro and microacanthostyles develop deep in the exozone and can 
form as individual styles (Plate 13:3) or piggyback on one another (Plate13:2). Macro and 
microacanthostyles are intermingled with no apparent pattern and have bulb-like crowns that 
protrude above the zoarial surface. Macroacanthostyles range from 0.031 to 0.087 mm in 
diameter with a mean of 0.059 mm. These have calcite cores of 0.009 to 0.048 mm with a mean 
of 0.022 mm, representing one-third to about half the style diameter. Microacanthostyles range 
from 0.016 to 0.038 mm with a mean of 0.025 mm. 
Autozooecia are generally widest at the zoarial surface and narrow deeper into the 
exozone. Autozooecial walls may be thicker or thinner according to the width of the 
acanthostyles that provide most of the wall structure. The thickest walls range from 0.021 to 
0.081 with a mean of 0.039 mm and the thinnest walls range from 0.005 to 0.025 mm with a 
mean of 0.012 mm. Common walls have a mean of 0.022 mm. 
 Small circular to polygonal exilozooecia commonly appear between autozooecia with 
two to four about each autozooecium. These may be shallow or as deep as autozooecia in the 
longitudinal view and range from 0.017 to 0.086 mm wide with a mean of 0.044 mm. 
Discussion  
Dyscritella sp. 3 in the Toroweap is distinguished form D. sp. 2 by the pronounced 
bulbous nature of the acanthostyles that deform autozooecia, the larger autozooecial dimensions, 




The fragments of 22 zoaria from T4 in Dune Buggy Canyon were used in this study. 
 
Genus Dyscritellina Morozova 1966 
Dyscritellina sp. 
Table 14; Plate 14 
Diagnosis 
The zoarium is encrusting and delicate to intermediately robust. Numerous 
microacanthostyles form between fewer notably large macroacanthostyles. Diaphragms and 
monilae are absent. Exilozooecia are small and common but not abundant. 
Dyscritellina sp.  N=13 Nf Nm X Min Max S.D. CV*100 
autozooecial width short dimension 11 15 0.180 0.133 0.221 0.029 16.1 
autozooecial width long dimension 9 11 0.204 0.147 0.258 0.038 18.5 
autozooecial width (long.) 2 2 0.199 0.180 0.219 0.028 14.0 
autozooecial depth (long.) 2 2 0.451 0.446 0.455 0.007 1.45 
distance between autozooecial centers 12 17 0.251 0.128 0.381 0.068 27.2 
# of apertures per 1mm 11 16 4.63 3 6 0.957 20.7 
exozone wall thickness (common) 12 17 0.024 0.013 0.037 0.007 30.4 
exozone wall thickness thickest 12 17 0.052 0.029 0.094 0.017 33.2 
exozone wall thickness thinnest 12 17 0.014 0.007 0.026 0.005 35.4 
endozone wall thickness 5 5 0.012 0.010 0.015 0.002 20.5 
# of styles around autozooecia 11 15 7.07 6 9 1.10 15.6 
macroacanthostyle diameter 13 18 0.092 0.044 0.133 0.022 24.1 
macroacanthostyle core diameter 13 18 0.045 0.023 0.069 0.013 28.6 
microacanthostyle diameter 13 18 0.034 0.018 0.051 0.009 26.0 
microacanthostyle core diameter 12 17 0.012 0.007 0.018 0.003 25.6 
# exilozooecia around autozooecia 11 15 2.73 1 4 1.03 37.8 
exilozooecium width narrow 13 18 0.049 0.027 0.086 0.017 34.4 
Table 14 - Summary measurements for Dyscritellina sp. Abbreviations as for Table 1. All measurements are in millimeters. 
Description 
The encrusting unilaminate zoarium is of delicate to intermediate robustness with small 
to intermediate autozooecia arranged in rows. The prominent characteristics of this species are 
the abundant microacanthostyles about each autozooecium interspersed by notably large 
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macroacanthostyles. The exozone dominates the zoarium and a clearly demarcated endozone is 
absent. Autozooecia are round to square in cross-section and are often deformed by the 
transgression of microacanthostyles into the autozooecial space. Autozooecia are of generally 
uniform size within their rows. Among zoaria, autozooecia may range from 0.133 to 0.221 mm 
in the short dimension and from 0.147 to 0.258 mm in the long dimension, with means of 0.180 
mm wide and 0.204 mm long and a mean width to length ratio of about 4:5. There are three to 
six apertures per 1.0 mm.  
Autozooecia are widest at the zoarial surface and narrow deeper into the exozone, where 
developing styles often truncate autozooecial width. Autozooecial walls may be thicker or 
thinner according to the width of the acanthostyles that provide most of the wall structure. The 
thickest walls range from 0.029 to 0.094 mm with a mean of 0.052 mm and the thinnest walls 
range from 0.007 to 0.026 mm with a mean of 0.014 mm. Common walls have a mean of 0.024 
mm. 
Six to nine acanthostyles surround each autozooecium and form a major part of the 
autozooecial wall. Widely varying sizes of acanthostyles develop deep in the exozone and grow 
distally to different heights in the zoarium. Walls appear as a cluster of individual styles 
connected by thin material. Microacanthostyles are small to intermediate with small calcite cores 
and can protrude above the zoarial surface and into the autozooecial space. Microacanthostyles 
range in diameter from 0.018 to 0.051 mm with a mean of 0.034 mm. Macroacanthostyles are 
less common than microacanthostyles but project dominantly over the zoarial surface as large 
bulbs. These are intermediate to large and range from 0.044 to 0.133 mm in diameter with a 
mean of 0.092 mm. The macroacanthostyles have calcite cores of 0.023 to 0.069 mm with a 
mean of 0.045 mm, representing about half the style diameter.  
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 Small ovate to polygonal exilozooecia commonly appear between autozooecia with one 
to four about each autozooecium. These may be shallow or deep in the longitudinal view and 
may develop deep in the exozone yet not always open to the zoarial surface. Exilozooecia range 
from 0.027 to 0.086 mm wide with a mean of 0.049 mm. 
Discussion 
Dyscritellina sp. can superficially appear like Stenopora sp. 5 due to the notably large 
macroacanthostyles in the exozone. When seen in longitudinal section, however, D. sp. is clearly 
missing the monilae that are a prominent feature of Stenopora. The acanthostyles in D. sp. also 
form a major part of the wall, and style development in the deep endozone is distinctive from the 
Stenopora species. D. sp. is distinctive from the Dyscritella species due to exceptionally large 
styles and the pattern of microacanthostyles around the aperture amidst sporadic 
macroacanthostyles. 
Material 












Genus Pseudobatostomella Morozova 1961 
Pseudobatostomella sp.  
Table 15; Plate 15 
 
Type species - Batostomella spinulosa Ulrich, 1890, Glen Dean, Chester Group (Mississippian) 
Sloan’s Valley, Kentucky. 
Remarks 
Pseudobatostomella sp. is very similar to the Triassic genus Arcticopora Fritz, 1962, 
which has an encrusting form with polygonal autozooecia, a strong distinction between the 
endozone and exozone and moderately thick exozonal walls. The autozooecia of both species 
meet the zoarial surface at nearly 90-degree angles and basal diaphragms are frequent. However, 
while diaphragms are plentiful in Arcticopora, they appear only at the proximal end of the 
autozooecium in Pseudobatostomella sp. This taxon is placed tentatively in Pseudobatostomella 
as the most similar genus even though it isn’t known to have an encrusting form. Many bryozoan 
genera, including Stenopora and Dyscritella, have both erect and encrusting forms but are found 
exclusively as encrusters in the Toroweap, which suggests that during certain periods the 
Toroweap materials were deposited in high-energy environments that favored low profile 
encrusting growth.  Hypothetically these environments may have induced encrustation in taxa 
like Pseudobatostomella that generally develop as erect ramose forms in calmer environmental 
conditions.  
After much disagreement about the rightful place of this taxon, I.P Morozova proposed 
the genus Pseudobatostomella, with P. spinulosa (as a refined designation of B. spinulosa as 
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described by Ulrich, 1890) as the type species. Pseudobatostomella shares many of the 
characteristics of Dyscritella but is distinguished by regularly sized acanthostyles. 
Diagnosis 
The zoarium is encrusting with basal diaphragms at the clear transition between endozone 
and exozone. Autozooecia in the endozone are thin-walled and polygonal in transverse section. 
Autozooecial walls thicken rapidly in the exozone. Autozooecia grow at 90-degree angles to the 
basal lamina or bend at 90 degrees at the exozonal transition toward the zoarial surface. 
Acanthostyles develop in the endozone and may sporadically grow toward the zoarial surface 
through the center of moderately thick exozonal walls. Exilozooecia are present but not 
abundant. 
Pseudobatostomella sp.   N=5 Nf Nm Mean Min Max S.D. CV 
aperture width short 5 7 0.167 0.108 0.209 0.042 25.2 
aperture width long 4 6 0.201 0.146 0.226 0.037 18.5 
autozooecial width short  5 13 0.248 0.204 0.305 0.029 11.9 
autozooecial width long 4 12 0.302 0.249 0.424 0.056 18.7 
autozooecial width (long.) 2 4 0.198 0.154 0.285 0.059 30.1 
autozooecial depth (long.) 2 4 0.631 0.352 0.913 0.233 36.9 
distance between autozooecial centers 5 13 0.265 0.193 0.339 0.045 16.9 
# of autozooecia per 1mm 5 13 4.28 3.5 5 0.507 11.8 
exozone wall thickness (common) 5 11 0.048 0.028 0.108 0.025 52.6 
exozone wall thickest 3 9 0.088 0.035 0.220 0.055 63.1 
exozone wall thinnest 3 9 0.027 0.017 0.055 0.011 42.6 
endozone wall thickness 4 12 0.015 0.007 0.021 0.005 33.5 
# of styles around autozooecia 4 12 2.75 2 5 1.04 37.6 
style diameter exozone 5 12 0.069 0.060 0.087 0.010 15.1 
style core exozone  5 12 0.021 0.014 0.026 0.004 18.4 
style diameter endozone 5 13 0.049 0.037 0.061 0.009 18.5 
style core endozone  5 13 0.017 0.013 0.022 0.003 15.8 
# of exilozooecia around autozooecia 4 12 1.50 1 3 0.756 50.4 
exilozooecium width narrow 5 13 0.079 0.049 0.116 0.021 25.9 







The zoarium is unilaminate encrusting and delicate to intermediately robust. The 
autozooecia in the endozone are thin-walled, polygonal in transverse section, and form a 
generally rhombic pattern despite erratic dimensions. Autozooecia lack diaphragms except for 
single diaphragms at the transition between the endozone and exozone. The autozooecia intersect 
the zoarial surface at high angles, bending abruptly at the transition to the exozone. The 
autozooecial walls are thin in the endozone but rapidly thicken in the exozone so that apertures 
are significantly narrower than transverse views of autozooecia. Apertures are small to 
intermediate and range from 0.108 to 0.209 mm in the short dimension with a mean of 0.167 mm 
and range from 0.146 to 0.226 mm in the long dimension with a mean of 0.201 mm. Deep 
tangential and transverse views of autozooecia range from 0.204 to 0.305 mm in the short 
dimension, with a mean of 0.248 mm and from 0.249 to 0.424 mm in the long dimension, with a 
mean of 0.302 mm.  
Acanthostyles develop in the endozone and offer additional internal structure to some 
exozonal walls. There is not a large difference between the diameters or core diameters of 
exozonal and endozonal acanthostyles. Exozonal acanthostyles have a mean diameter of 0.069 
mm and endozonal acanthostyles have a mean diameter of 0.049 mm. Cores represent just less 
than one-third the acanthostyle diameter. 
Multi-sized circular to polygonal exilozooecia sporadically accompany autozooecia. The 
circumference of exilozooecia are larger in the endozone and may be crowded out distally by 





The fragments of five zoaria from T4 in Dune Buggy Canyon were used in this study. 
Occurrence 
 The genus Pseudobatostomella ranges from Lower Devonian (Emsian) to Middle 




Order Cystoporida. Systematics based on Boardman et al. (1983).  
Order CYSTOPORIDA Astrova, 1964 
Suborder FISTULIPORINA Astrova, 1964 
Family FISTULIPORIDAE Ulrich, 1882 
Genus Eridopora Ulrich, 1882 
Eridopora sp. 
Table 16; Plate 16 
 
Type species - Eridopora macrostoma Ulrich, 1882; Glen Dean Formation, Upper Mississippian,  
Kentucky.  
Diagnosis 
The zoarium is delicate and encrusting with thin-walled, cylindrical autozooecia that 
bend at an angle toward the zoarial surface. The autozooecia are round to pyriform with 
distinctly triangular lunaria. Autozooecia are separated by irregular columns of blister-like 
vesicles.  Dense, extrazooidal skeletal stereom is thin at the surface of the zoarium. Thin, curved 
diaphragms are present but not abundant. 
Eridopora sp.   N=18 Nf Nm X Min Max S.D. CV*100 
autozooecial width narrow (trans./tang.)  11 15 0.198 0.123 0.288 0.052 26.4 
autozooecial width (long.) 16 24 0.200 0.123 0.275 0.044 22.0 
lunarium width 9 10 0.145 0.119 0.200 0.025 17.2 
lunarium height 9 10 0.095 0.061 0.130 0.024 25.8 
thickness lunarium 9 9 0.019 0.014 0.024 0.003 16.5 
dist. btwn. autozooecial centers horizontally  18 30 0.373 0.275 0.517 0.062 16.6 
wall thickness endozone 17 30 27.6 18.0 51.0 7.52 27.3 
# of autozooecia in 1mm horizontally 17 27 3.07 2 6 0.997 32.4 
# of vesicles in 1mm horizontally 13 19 10.3 7 16 2.24 21.7 
# of vesicles in 1mm vertically 14 26 11.2 8 15 1.85 16.6 
# of vesicle columns between autozooecia 18 31 2.16 1 3 0.688 31.8 
# of vesicles around autozooecia 6 11 10.0 9 12 1.18 11.8 
vesicle height 18 31 0.082 0.047 0.143 0.018 21.7 
vesicle width 18 31 0.114 0.071 0.158 0.020 18.0 





The zoarium is delicate and encrusting. The autozooecia are cylindrical and approach the 
zoarial surface at angles less than 90-degrees. Autozooecia are separated by one to three columns 
of vesicles deep in the exozone, but draw closer together near the zoarial surface. The bulk of the 
zoarium is formed by columns of vesicular tissue. 
The autozooecia are round to ovate and the lunarium is triangular, giving the full 
autozooecium a pear-like shape in transverse section. The autozooecia are not regularly arranged 
but multiple autozooecia will develop in close proximity to each other. Autozooecial width 
ranges from 0.123 to 0.288 mm with a mean of 0.198 mm, and there are two to six autozooecia 
in 1.0 mm. The mean distance between adjacent autozooecial centers is 0.373 mm. Thin, curved 
diaphragms are commonly present within the autozooecia, and a thin layer of skeletal stereom is 
visible on the zoarial surface. Nine to 12 vesicles surround each autozooecia. 
The lunarium is large and distinctively triangular in transverse section, located opposite 
the widest margin of the autozooecium, and comprises more than half the autozooecial 
perimeter. The lunaria have a mean width of 0.145 mm and a mean height of 0.095 mm.  
The vesicles are blister-like in cross-section with seven to 16 vesicles in 1.0 mm 
horizontally and eight to 15 in 1.0 mm vertically, stacked irregularly between autozooecia. 
Vesicles are generally wider than they are tall in columns between autozooecia, but they can 
occasionally be taller than wide. Vesicles often appear box-like in single columns between 
autozooecia. They range from 0.047 to 0.143 mm tall with a mean of 0.082 mm and from 0.071 





The fragments of 18 zoaria from T4 in Dune Buggy Canyon were used in this study. 
Occurrence 





Genus Fistulipora McCoy, 1849 
Fistulipora sp. 
Table 17; Plate 17 
 
Type species - Fistulipora minor McCoy, 1849, Lower Carboniferous, Great Britain.  
Diagnosis 
The zoarium is encrusting and delicate.  Autozooecia are encircled by box-like, partly 
angular vesicles in transverse and tangential section and autozooecia are separated by regularly 
arranged columns of similarly-sized vesicles in longitudinal section. Autozooecia are tubular 
with occasional curved diaphragms. Rounded lunaria are not readily visible at zoarial surface but 






Fistulipora sp.   N=9 Nf Nm X Min Max S.D. CV*100 
autozooecial width narrow (trans./tang.) 7 7 0.193 0.176 0.224 0.019 9.69 
autozooecial width (long.) 6 11 0.230 0.155 0.307 0.045 19.8 
lunarium width 5 5 0.167 0.136 0.186 0.020 11.9 
lunarium height 5 5 0.075 0.063 0.086 0.009 12.3 
thickness of lunarium 5 5 0.021 0.014 0.028 0.006 26.6 
dist. btwn. autozooecial centers horizontally 8 15 0.372 0.225 0.543 0.077 20.8 
wall thickness endozone 6 13 19.8 12 32 5.03 25.3 
# of autozooecia in 1mm horizontally 8 15 2.87 2 4 0.40 13.9 
# of vesicles in 1mm horizontally 8 14 8.79 6 13 2.04 23.3 
# of vesicles in 1mm vertically 8 14 9.50 8 14 1.70 17.9 
# of vesicle columns between autozooecia 8 15 1.47 1 2 0.516 35.2 
# of vesicles around autozooecia 7 13 9.54 9 11 0.660 6.92 
vesicle height 8 16 0.091 0.073 0.113 0.011 12.0 
vesicle width 8 16 0.136 0.083 0.174 0.024 17.5 
Table 17- Summary measurements for Fistulipora sp. Abbreviations as for Table 1. All measurements are in millimeters. 
Description 
The zoarium is encrusting and delicate. The autozooecia are regularly arranged in rows 
near the zoarial surface, with two to four autozooecia in 1.0 mm. They are sub-round to ovate in 
tangential section and of intermediate size with a range in width from 0.176 to 0.224 mm and a 
mean of 0.193 mm. There are nine to 11 polygonal vesicles around each autozooecium. 
Diaphragms are present but not plentiful within autozooecia. 
The lunarium is not visible at the zoarial surface but becomes clear in the shallow 
exozone. The lunarium forms one-third to one-fourth of the autozooecial perimeter. It has a mean 
width of 0.167 mm and a mean height of 0.075 mm.   
The autozooecia are generally straight and tubular in longitudinal section, sometimes 
bending gently to meet the zoarial surface at right angles. The autozooecia are separated by one 
to two columns of regularly arranged, box-like vesicles. The vesicles have a mean height of 
0.091 mm and a mean width of 0.136 mm. There are six to 13 vesicles horizontally and eight to 
14 vesicles vertically. In tangential section, the vesicles lose their box-like shape and appear 
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round to angular polygonal. Thin stereom occasionally covers vesicles at zoarial surface.  
Sporadic diaphragms cross through autozooecia. 
Discussion 
 Fistulipora sp. is distinct from Eridopora due to its long tubes, polygonal vesicles around 
the aperture, and rounded, shallow lunaria rather than the deep and triangular lunaria of 
Eridopora. Fistulipora specimens are known for frequent, tightly spaced diaphragms and the 
present taxon has only intermittent diaphragms. The closely related Fistuliporida lacks 
diaphragms, but is much rarer than Fistulipora and has only been described in the Devonian. 
Material 
The fragments of nine zoaria from T4 in Dune Buggy Canyon in the northern Muddy 
Mountains were used in this study. 
Occurrence 
Fistulipora ranges from Upper Ordovician to Upper Permian (Lopingian) worldwide. 
 
Genus Dybowskiella Waagen & Wenzel, 1886 
Dybowskiella sp. 
Table 18; Plate 18 
 
Type species - Dybowskiella grandis Waagen & Wenzel 1886, Permian of India.  
Diagnosis 
The zoarium is unilaminate and bilaminate encrusting and intermediately robust. 
Autozooecia are small to intermediate and lunaria are often radially arranged. The autozooecia 
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are short to long and tubular with occasional curved diaphragms. Autozooecia are partly or 
completely isolated by round to polygonal vesicles. Lunaria are present through both the 
endozone and exozone, and the lunarium curvature represents one-fourth to one-fifth the 
perimeter of the autozooecium.  
Dybowskiella sp.   N=18 Nf Nm X Min Max S.D. CV*100 
autozooecial width (trans./tang.) 11 27 0.223 0.162 0.302 0.038 17.0 
autozooecial width (long.) 8 14 0.183 0.129 0.226 0.031 16.8 
lunaria width 9 24 0.142 0.105 0.176 0.020 14.2 
lunaria height 8 21 0.083 0.044 0.124 0.020 23.6 
thickness lunaria 11 28 0.023 0.014 0.034 0.005 21.8 
dist. btwn autozooecial centers horizontally 14 38 0.354 0.235 0.437 0.049 13.7 
wall thickness endozone 13 23 0.010 0.004 0.025 0.005 50.1 
number of autozooecia in 1mm horizontally 13 36 3.06 2 5 0.529 17.3 
number of vesicles in 1mm horizontally 18 36 9.47 8 14 1.43 15.1 
number of vesicles in 1mm vertically 18 36 13.8 8 18 2.29 16.5 
columns of vesicles between autozooecia 14 34 1.74 1 4 0.817 47.1 
vesicles around autozooecia 9 16 10.8 9 13 1.17 10.8 
vesicle height 18 41 0.076 0.050 0.180 0.029 37.4 
vesicle width 18 41 0.117 0.065 0.180 0.030 26.0 
Table 18 - Summary measurements for Dybowskiella sp.  Abbreviations as for Table 1. All measurements are in millimeters. 
 
Description 
The autozooecia are cylindrical and round to subcircular in transverse section. The 
autozooecial sizes vary significantly within a single zoarium, developing smaller in the deep 
endozone and broadening rapidly toward the zoarial surface. Autozooecia range from 0.162 to 
0.302 mm with a mean of 0.223 mm.   
Autozooecial walls are dark and granular with a lighter granular prismatic cortex. 
Autozooecia are isolated by abundant vesicles, with nine to 13 round to angular vesicles around 
each autozooecium. Intermittent single curved diaphragms appear in autozooecia. Vesicular 
tissue is ubiquitous in both endozone and exozone. Vesicles are subrectangular with flat to 
slightly curved roofs. In tangential section they appear round or angular. These range in height 
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from 0.050 to 0.180 mm with a mean of 0.076 mm and range in width from 0.065 to 0.180 mm 
with a mean of 0.117 mm. Vesicle roofs thicken as stereom near the zoarial surface. 
Lunaria are present in the endozone but are most developed in the exozone. They are 
horseshoe-shaped and the ends of lunaria frequently inflect into the autozooecial chamber. These 
may be radially arranged or arranged in the rows facing in the same direction. Lunaria range in 
width from 0.105 to 0.176 mm wide with a mean of 0.142 mm and range in height from 0.044 to 
0.124 mm with a mean of 0.083 mm. The lunarium comprises about one-third the autozooecial 
perimeter. 
Discussion 
Dybowskiella is differentiated from Fistulipora by the ends of the horseshoe-shaped 
lunaria, which inflect into the autozooecia and from Eridopora by having rounded rather than 
triangular lunaria.  
Material  
The fragments of 18 zoaria from T4 in Dune Buggy Canyon in the northern Muddy 
Mountains were used in this study. 
Occurrence 
Dybowskiella is found worldwide primarily in the Carboniferous and Permian but has 
been described as early as the Middle Silurian (Wenlock) in Tennessee by Perry and Hattin 








After Boardman et al. (1983). 
Cryptostomes are extinct bryozoans found in Paleozoic marine rocks from the Ordovician 
to the Upper Permian. The colonies are distinguished as bundles of individual tubes and almost 
always grow as an erect zoarium that is sometimes branched or reticulated. Cryptostomes have 
thin endozonal walls and much thicker exozonal walls, with a distinct bending of the zooecial 
tube at the transitional boundary between the endozone and exozone. Budding and growth habits 
separate the three suborders of Cryptostomida, along with zoarium size, autozooecial shape and 
size, styles, and the distinction of its axial bundle or cylinder.  
Cryptostome taxa in the Toroweap Formation are subdivided by the nature and presence 
or absence of diaphragms, hemisepta, styles, polymorphs as metapores, and skeletal 
microstructure. The Toroweap cryptostomes were measured for 22 characters, including zoarium 
thickness, the diameter of the axial bundle or axial cylinder, the number of tubes in central 
bundle in both transverse and longitudinal views, exozone width, endozone width, angle of 
divergence from axial cylinder and angle of autozooecial tube to surface in longitudinal view, 
wall thickness in exozone, wall thickness in endozone, autozooecial length and width, 
autozooecial spacing longitudinally and diagonally in tangential, the number of autozooecia in 
1.0 mm longitudinally, metapore diameter, and the number of metapores between apertures (Fig. 
5 and 6). 
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Cryptostome families Streblascoporidae Goryunova, 1985 and Rhabdomesidae Vine, 
1883, both found in the Toroweap Formation, have been placed in the suborder Rhabdomesina 
Astrova and Morozova, 1956, although Streblascoporidae is more commonly placed in the 
suborder Streblotrypidae Ulrich, 1890. Streblotrypidae is synonymized with the Rhabdomesina 
family Hyphasmoporidae Vine, 1886 in the Treatise (Boardman et al. 1983), but is treated as a 
distinct group by Goryunova (2011). Hyphasmoporidae are differentiated from Rhabdomesidae 
in the Treatise by the presence or absence of metapores, which are tubular cavities between 
autozooecia. Metapores are rare in the Rhabdomesidae but common in Hyphasmoporidae. 
Paurostyles are always present in Rhabdomesidae but not in Hyphasmoporidae.   
The genus Streblotrypa Vine, 1885 (under Hyphasmoporidae in the Treatise (Boardman 
et al. 1983)) is marked by a central bundle of axial autozooecia as well as by densely spaced 
metapores in the field between apertures. The sub-genera Streblotrypa Vine, 1885 and 
Streblascopora Bassler, 1952 are distinguished by number of autozooecia in the axial bundle; 
Streblotrypa species possess fewer than 10 axial zooecia at any level and lack a distinct axial 
bundle, and Streblascopora possess more than 10 axial zooecia at any level with a more clearly 
defined axial bundle.   
The Rhabdomesidae genus Rhabdomeson Young and Young, 1874 is an erect, ramose 
colony form distinctive in its possession of a large, hollow axial cylinder that is generally larger 
than the surrounding autozooecia, as well as small, regularly ordered stylets that arise in the 





After Caroline Buttler (unpub.) and Reid (2021) 
Members of the order Trepostomida are extinct bryozoans found in Paleozoic and 
Mesozoic marine rocks from the Ordovician to the Upper Triassic. Trepostomes can be found as 
both erect ramose and encrusting colonies, characterized by an immature region with thin-walled 
tubules and a mature region distally where thicker autozooecial tubes bend toward the zoarial 
surface. Taxa are differentiated based on shape and size of autozooecia, presence, nature and 
number of exilozooecia, diaphragms, acanthostyles and monilae.   
Trepostomes in the Toroweap Formation are subdivided by mode of growth, the presence 
or absence of diaphragms, the size and number of both acanthostyles and exilozooecia, monilae 
presence and width, autozooecial shape and size, and distance between autozooecia. The 
Toroweap trepostomes were measured for 17-23 characters, including autozooecia width and 
length, exozone wall thickness, endozone wall thickness, exilozooecia number and width, the 
diameters of styles and their cores, the presence and width of monilae, the number of styles 
around apertures, distance between autozooecia and the number of apertures per millimeter (Fig. 
5 and 7). 
Five genera of trepostomes were described in the Toroweap. The erect form 
Paralioclema had crenulated walls, diaphragms, and small styles. The Stenopora species were 
distinct in having both monilae and acanthostyles, while Dyscritella and Dyscritellina possessed 
well developed and abundant acanthostyles but smooth walls because monilae were absent. 
Finally, Pseudobatostomella had basal diaphragms and greatly thickened walls in the exozone 




After Boardman et al. (1983) 
Members of the order Cystoporida are extinct bryozoans found in Paleozoic marine rocks 
from the Ordovician to the Upper Permian. Cystoporates are double-walled bryozoans 
distinguished by box-like or blister-like vesicles (cystopores) that resemble bricks between 
autozooecia, as well as stereom, a dense deposit of skeletal material created by continuous 
production of vesicle roofs without corresponding vesicle chambers. Cystoporates are also 
distinguished by lunaria in most genera, a thicker, half-moon deposit that develops in the 
exozone and projects above autozooecia over the surface of the zoarium.  
Cystoporate genera in the Toroweap Formation were differentiated by the presence or 
absence and nature of lunaria, polymorphs, and diaphragms. The Toroweap cystoporates were 
also measured for 13 characters: autozooecial width, lunaria width, lunaria height, lunaria 
thickness, number of autozooecia in 1.0 mm horizontally, distance between autozooecial centers 
horizontally, wall thickness in endozone, number of vesicles in 1mm horizontally, number of 
vesicles in 1.0 mm vertically, columns of vesicles between autozooecia, vesicles around 
autozooecia, vesicle height and vesicle width (Fig. 8). 
Three genera from the cystoporate family Fistuliporidae were described in the Toroweap. 
Eridopora was distinct in its pyriform or triangular lunaria and long tubes that approached the 
zoarial surface at an angle. Fistulipora autozooecia formed in regular rows with angular vesicles 
circling the autozooecium, and Dybowskiella had horseshoe-shaped lunaria with ends that 





Multivariate analysis programs treat individual morphometric characters as dimensions 
and mathematically calculate which specimens are closest to one another in multidimensional 
space. In clustering programs, the user assigns the program to create a set number of groups, or 
clusters, according to the specimens’ proximity in multi-dimensional space. PCA adds weight to 
certain characters in determining which specimens are most like other specimens. It determines 
which character components account for the greatest percentage of variance between the 
specimens, which reduces the dimensionality of the dataset by emphasizing the most significant 
characters. It reveals patterns in the correlations of each principal component in the dataset, 
which are used to differentiate between groups. 
Subjects were divided into families through characters such as the zoarial form of growth 
(encrusting, ramose), growth patterns, and the presence or nature of characters like vesicles, axial 
bundles, monilae, diaphragms, acanthostyles or exilozooecia. Groups were divided by visual 
characters and efforts were made to further divide specimens with similar characters by 
clustering and Principal Components Analysis (PCA).  
The Cluster program in R studio was used in this study to statistically cluster specimens 
by multivariate analysis of measured characters. Specimens were assigned to between two and 
12 clusters for analysis. These were analyzed by MANOVA to determine whether there was a 
significant statistical difference between the clusters. ANOVA was also run on all characters to 
determine whether there was a significant statistical difference between the individual characters 
in the clusters. PCA was used as a secondary multivariate analysis, and final divisions were 
analyzed through MANOVA and ANOVA to demonstrate statistical significance. 
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Subjects were given individual letter designations, such as AA, AB, AC, and groups were 
divided into the three views, so that the morphometric characters pertinent to each view were 
compared to each other. Cystoporates and Cryptostomes were divided into two and three 
clusters, which were determined to be statistically significant by MANOVA and ANOVA and 
were further analyzed by PCA using between four and 12 characters. Trepostomes were divided 
into five, six, and seven and 12 clusters for each view and multivariate analysis was performed 
multiple times using four to 23 characters to determine most statistically relevant groupings. If 
the clusters were determined to be statistically significant by MANOVA and ANOVA, those 
clusters were analyzed by PCA. 
Efforts to use multivariate statistical analysis to divide taxa turned out to be problematic 
due to the widely overlapping morphometric measurements among taxa. Clustering and PCA 
proved only slightly useful in conjunction with published divisions based on binary 
(presence/absence) characters and distinctive taxonomic characters. 
Summary statistics for morphometric characters are listed in tables 1-18 under Systematic 
Paleontology. Analysis of measured characteristics in the bryozoan literature, such as found in 
Gilmour et al. (1997), McColloch et al. (1994), Nakrem (1994), Nakrem and  Spjeldnæs (1995), 
Nakrem et al. (2009), and Reid (2001), have focused on determining the mean, standard 
deviation, range and coefficient of variation to aid in distinguishing one species from another.  
This statistical system was continued here.   
The hypothesis that multivariate statistical analyses would offer rigor in separating taxa 
proved false. Multivariate analysis provided only minor benefit in distinguishing between the 
encrusting species in Trepostomida and Cystoporida and even the rigid erect species in 
Cryptostomida. The results of clustering and PCA did not accurately separate known bryozoan 
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taxonomic groups. The cluster program in R Studio successfully divided the trepostomes and 
cystoporates into groups that were determined by MANOVA and ANOVA to be highly 
statistically significant, and PCA provided maps of how these clusters were separated in visual 
space, but these clusters did not prove accurate when known species were included. During 68 
different analyses of trepostomes using various combinations of clusters and analyzed characters, 
the cluster program and PCA repeatedly and consistently divided subjects known to be in the 
same species / colony. The results showed extreme overlap between the morphometric clusters, 
with different species erroneously placed in the same morphometric groupings. While certain 
subjects formed a clearly defined cluster with others in a statistically significant manner (e.g. 
Fig. 15), those clusters did not necessarily represent true species groups.  
Multivariate analysis is problematic as a primary statistical means to separate bryozoan 
taxa due to multiple factors. First, the high coefficient of variation (C.V.) within single species 
and even single colonies leads to strong overlapping of character values among species, causing 
faulty PCA and clustering separation. Among measurements of Stenopora sp. 1 (Table 6), for 
example, the C.V. is above 30.0 for several characters, including number of styles around the 
autozooecia, angle of divergence from basal lamina, exozone and endozone wall thicknesses, the 
cores of both large and small acanthostyles and exilozooecia width. Stenopora sp. 2 (Table 7) 
has >30.0 coefficient of variation for autozooecial depth, exozone width, angle from basal 
lamina, exozone wall thicknesses, monilae width, and width of exilozooecia.  This means that the 
standard deviation is at least one-third the value of the mean, which indicates a wide variation 
among measurements for these characters. There are large C.V.s in multiple characters for each 
species described in this study. 
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Second, even when the C.V.s are smaller, there are similar means or heavily overlapping 
ranges for multiple characters between the genera and species in this study, especially in the 
trepostomes and cystoporates. For example, the short dimension autozooecia width for S. sp. 4 
(Table 9) has a C.V. of 11.6, with a mean of 0.183 mm and a range of 0.152 mm to 0.215 mm.  
The same character in S. sp. 2 (Table 7) has a slightly larger C.V. of 15.1 with a mean of 0.200 
mm and a range of 0.126 to 0.251 mm. Thus S. sp. 4 fits completely within the range of S. sp. 2 
for that character.  Again, the autozooecia width in the longitudinal view is similar between these 
two species, with means of 0.176 mm for S. sp. 2 and 0.178 mm for S. sp. 4. and largely 
overlapping ranges.  
S. sp. 1 (Table 6) and S. sp. 3 (Table 8) both have larger C.V.s for autozooecia width, 
17.5 and 22.2 respectively, and their ranges are even larger.  S. sp. 1 has a mean of 0.189 mm 
with a range of 0.124 to 0.239 mm and S. Sp. 3 has a mean of 0.200 mm with a range of 0.101 to 
0.255, so that the ranges of the three other Stenopora species all fit within the S. sp. 3 range for 
autozooecia width.  Multivariate statistical tools are weak in distinguishing between taxa in 
which the real distinctions are not solely numerical and measurements based.  
The real differences between the Stenopora species were subtle. Both Stenopora sp. 2 
and Stenopora sp. 4 have monilae, a distinctive structure in the genus, but the most important 
difference between the two species is the poorly formed nature of the monilae in S. sp. 4 (Plate 9) 
not found in S. sp. 2 (Plate 7). The erratic growth of S. sp. 2 is also an important characteristic 
that is not easily seen in a simple number range. The widely varying autozooecial sizes in single 
colonies in S. sp. 2 (Plate 7) contrasts strongly with the greater consistency and order found in 
the growth of autozooecia in S. sp. 1 (Plate 6).  These differences are not exposed readily in a 
sterile multivariate analysis.  
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In cystoporates, the distinctions between genera were small and difficult to detect, and 
the multivariate techniques offered little assistance. Members of the cystoporate genus 
Dybowskiella are distinguished by the slight inflection of the lunaria into the autozooecia and by 
the tendency of the apertures to turn radially rather than all face the same direction (Plate 18). 
Members of the genus Eridopora are distinguished by the peculiar triangle shape of the lunaria 
(Plate 16). These are not characteristics captured by statistical morphometric analysis. 
That is not to say morphometric analysis has no value in the study of bryozoans. It cannot 
be used as a quick taxonomic tool for non-experts, as when geologists search for specific 
horizons during oil exploration. Multivariate statistical analysis cannot be used as a simple, easy 
gauge to distinguish bryozoan species in the field.  However, multivariate analysis can have 
value when used by knowledgeable bryozoan experts. Binary characters and specific 
morphometric characters can be useful when combined in a well-developed manner specific to 
taxa.  The following examples demonstrate the need to carefully balance taxa-specific characters 
with morphometric analysis: 
Strict multivariate analysis of Streblotrypa specimens in the Toroweap show that the 
genus could be subdivided into statistically significant groups of large and small species (Fig. 15, 
Top). These results partially fit reality. In the longitudinal view, all but three subjects statistically 
placed in “Species 2” (the morphometrically larger group) had more than 10 tubes in the axial 
bundle, which fit the Treatise (Boardman et al. 1983) description of the subgenus S. 
Streblascopora. Of 32 subjects initially placed in “Species 1” (the smaller group), three-fourths 
(24) fit in the subgenus S. Streblotrypa with fewer than 10 tubes in the axial bundle (Fig. 15, 
Bottom). Therefore, clustering based on morphometric sizes alone could suggest subgenus 
differences but could not be depended on to distinguish accurately between subgenera. 
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Ultimately, the one character that mattered in separating the taxa was the number of tubes in the 
central bundle. 
On closer analysis, the smaller S. Streblascopora and larger S. Streblascopora shared 
common characteristics but had size differences in zoarium, exozone, and endozone widths. This 
initially encouraged a separation of the colonies into two species of S. Streblascopora.  A 
comparison of autozooecial widths and lengths, however, showed the two superficial groups had 
nearly the same ranges and means in autozooecia sizes, which suggested the size differences 
were the result of colony maturity and growth and not genetic makeup. The large and small S. 
Streblascopora were both placed in S. Streblascopora sp. 1. On the other hand, a third group of 
Streblotrypa had similar morphometric measurements as S. Streblascopora sp. 1 but was 
separated as a second S. Streblascopora species due to autozooecia and metapore growth pattern 
differences and material makeup. Thus, even in using multivariate analysis, knowledge of the 
most significant characters of the bryozoan family Hyphasmoporidae was necessary to 
accurately divide the taxa to species. 
 Binary characters, like the presence or absence of monilae, acanthostyles, or diaphragms 
were useful in separating genera. Monilae are a distinctive character in the genus Stenopora and 
not in the genus Dyscritella. While both Stenopora sp. 5 and Dyscritellina sp. were set apart by 
their extraordinarily large acanthostyles, the presence of monilae in Stenopora sp. 5 
distinguished this species from an otherwise similar taxon in Dyscritellina. 
The number of exilozooecia around the autozooecia allowed an additional statistically 
relevant distinction between the Stenopora species. There are 2-5 exilozooecia around the 
autozooecia in S. sp. 2 and only 1-3 around apertures in S. sp. 4, and this difference can be 
detected in a statistical analysis. Statistical studies are not completely without their value in the 
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study of bryozoans, but they must be paired with close, careful recognition of visible 
characteristics unique to each taxon. 
The Treatise (Boardman et al. 1983) describes in detail the characteristics pertinent to 
each order, family and genus of stenolaemate bryozoans. An additional work that provides a 
hierarchal checklist of binary characters pertinent to each taxon would be a useful tool for novice 
bryozoan researchers.  
Biostratigraphy 
The second hypothesis in this study stated that bryozoan species would disappear and 
reappear in the Brady Canyon Member of the Toroweap Formation, reflecting the transgressive 
and regressive nature of the depositional environment. This hypothesis proved true for many but 
not all the described species.  
The larger erect forms, S. Streblascopora sp. 1 and sp. 2 appeared in the Brady Canyon 
Member at just above 25 meters in section T4, in the open marine environment at the height of 
the transgression (Fig. 14). These both continued through to the top of the Brady Canyon 
Member 61 meters as the seas regressed back to shallow marine. The erect but morphometrically 
smaller S. Streblotrypa was found throughout 50 of the 60 meters of the member, but primarily 
in the bottom two-thirds, with large numbers of colonies between 26 and 36 meters. It did not 
thrive as the seas receded at the top of the member. In section T3, the S. Streblotrypa had 
significant colonial growth at both 5m and 40m, near the bottom and the upper middle of the 
section, still not continuing past 40m. 
Two Rhabdomeson colonies were found in the bottom two-thirds of section T4, at 6m 
and 26m. Two more colonies were found at about 39m in T4, but this genus exploded at 40m in 
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T3 (Fig. 13), with 21 colony fragments found at about 40m, but then disappeared as the seas 
receded.  Rhabdomeson succeeded in the deeper marine waters during the middle of the 
recession toward shallow marine. 
A few fragments of the genus Paralioclema were found in the bottom one-third of the T4 
section, with 13 fragments found at the 1m level in T3.  This genus did well in the shallow 
marine waters during the beginning of the transgression but failed to reappear at the top of the 
sections when the open seas receded to shallow marine once again. 
Species 1-3 of Stenopora thrived in the first 5m of the T4 section, and species 1, 2 and 4 
of Stenopora appeared in the first 5m of T3, in the shallow seas during the beginning of the 
transgression. These all disappeared after 15m, not reappearing again until about 40m as the 
open sea regressed back to shallow marine once again. Stenopora sp. 5 first appeared in T4 at the 
height of the transgression with a single colony, but it produced several more colonies at the top 
of the column in the shallow seas. 
The encrusting Dyscritella species all succeeded in the top half of the column, especially 
at the beginning of the regression in D. sp. 2 and D. sp. 3, along with Dyscritellina sp. with 
steady colonial growth between 35m and 45m. Dyscritella sp. 1 appeared for the first time at 
about 40m and continued through to the top of the column. D. sp. 2 did well from 0m to 15 m, 
and then flourished again from 32 to 46m before disappearing.  D. sp. 3, and Dyscritellina sp. 
were found throughout the column, but the greatest number of colonies were found at levels just 
outside the height of the transgression, at 23m and then again between 34m and 46m. 
The cystoporates, Eridopora and Fistulipora were found throughout the column without 
any obvious relation to sea level, although, all the cystoporates flourished in the bottom 10m 
85 
 
near the beginning of the transgression when the sea was shallow. Fistulipora was found in both 
T4 and T3 in the bottom 10 meters of the member. Dybowskiella developed extensively at just 
below 30 m, at the height of the transgression and was not found after 35m. It is notable that 
while Dybowskiella and Fistulipora were both encrusting forms, they grew as rigid and more 
robust colonies in the open sea than those colonies that developed in a shallow marine 
environment. 
From the base of Section 4 of the Toroweap Formation in Dune Buggy Canyon 
(McColloch et al. 1994), the various cryptostomes, trepostomes and cystoporates appear to show 
evolutionary response to the regression and transgression sequence within the section.  The 
concurrent range zones of Gilmour and Vogel (1980) (Zones 1-4, Fig.12) correspond to 
transgression and regression cycles in the T4 section (Fig. 14).  Zone 1 is during a regressive 
phase in which the water depth is shallow. Zone 2 represents the development of a transgressive 
cycle with its greatest water depth occurring and maintained in Zone 3.  Whereas, Zone 4 is the 
development of a new regression cycle. During the regression phase of Zone 1, Stenopora sp. 1-3 
are present, then disappear as the transgression begins (Zone 2).  Stenopora sp. 1 and Stenopora 
sp. 3 reappear near the end of Zone 3 and into Zone 4 as the regressive cycle returns, however 
Stenopora sp. 2 does not return.  This suggests that Stenopora sp. 1 and Stenopora sp. 3 migrated 
elsewhere, tracking shallow water, and migrated back into the site area when shallow water 
conditions returned. At the height of the transgression and water depth (Zone 3) we see the first 
appearance (First Appearance Datum - FAD) for three taxa: Streblotrypa (Streblascopora) sp. 1, 
S. (Streblascopora) sp. 2, and Stenopora sp. 5. In the later part of Zone 3, we see the last 
appearance (Last Appearance Datum - LAD) for two taxa, Rhabdomeson sp. and Dybowskiella 
sp. and the FAD for Dyscritella sp. 1. This is also where we see the reappearance of Stenopora 
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sp. 1 and Stenopora sp. 3 (and one fragment of Stenopora sp. 4) with the return of the regressive 
cycle. 
The appearance and disappearance of these taxa throughout the transgression and 
regression of the waters during the Toroweap can offer clues to bryozoologists and geologists 
seeking to correlate stratigraphic layers containing these taxa in other parts of the world. Three 
Stenopora species, three Dyscritella species, Pseudobatostomella, Fistulipora, Eridopora, and 
Dybowskiella species all thrived in the first 10 meters of the Brady Canyon Member of the 
Toroweap, as did the smaller, more delicate S. Streblotrypa species. The larger S. Streblascopora 
species and the Dyscritella species all succeeded during the beginning of the regression in the 
middle of the Brady Canyon Member. These concurrent range zones offer multi-taxa indicators 
for bryozoologists seeking to correlate similar strata in other parts of the world. 
 
Conclusions: 
The hypothesis that multivariate statistical analysis would give rigor to separation of 
genera and species within families of bryozoan proved largely incorrect. Knowledge of the 
specific characters within families proved far more important in distinguishing between taxa than 
straight statistical analysis. Multivariate analysis can be useful in conjunction with keen 
awareness of the finer aspects of binary characteristics, but cannot be used on its own by non-
experts in the field.  
The second hypothesis that record of bryozoan taxa in the Toroweap would reflect the 
transgression and regression of the seas during the depositional environment of the Brady 
Canyon Member proved largely true, especially among the Rhabdomeson and Stenopora species 
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and some species of Dyscritella. The erect form of Rhabdomeson thrived in the open sea 
environment during the height of the transgression in the middle of the Toroweap, while the thin, 
encrusting forms of Stenopora and Dyscritella did best in the shallower and mid-level waters. 
Some encrusting forms, like the cystoporates Eridopora and Fistulipora, once established, did 
not appear to be affected greatly by water depth, although all cystoporates did well in the shallow 
waters at the beginning of the transgression. The sturdy, erect forms of the S. Streblascopora 
appeared to do well regardless of water depth once they were established in the open water at the 
height of the transgression, and the smaller S. Streblotrypa succeeded until the waters receded 
again. 
The Treatise on Invertebrate Paleontology, Part G, Bryozoa Revised (Boardman et al. 
1983) offers extensive descriptions of bryozoan classes, orders, families and genera, and expert 
bryozoologists are in the process of creating a new revision. However, it would benefit novice 
bryozoan researchers to possess a streamlined online or printed dichotomous key as a guide, one 
that allows bryozoan orders, families and genera to be separated based on notable binary 
characters, such as the presence or absence of cystopores or monilae or diaphragms, etc. A guide 
like this would remove much of the confusion and mystery associated with bryozoan systematics 
and would encourage more young paleontologists to study bryozoans. Bryozoans offer valuable 
potential as index fossils that give clues about their environments of deposition, but their record 









Figure 1 – Bryozoan lophophores. Top Left: Three autozooid lophophores in different stages 
of projecting from autozooecial chamber in order to feed on plankton and organic matter in 
the open water. A and B are emerging and C is fully extended. Top Right: living bryozoans 
extending their lophophores from their autozooecia. Bottom: half the bryozoans in a zoarium 
are extending their lophophores while the others remain hidden beyond the window-like 


















Figure 3 - Bryozoan life cycle. A) Mature adult bearing fertilized ovicell. B) Free-swimming 
larva propelled by cilia  C) Pre-ancestrula / protocium cemented to substratum  D) Ancestrula, 




Figure 4 - Ranges and generic diversity of orders of stenolaemates and 























Figure 6 – Key measurements made on erect cryptostome bryozoans, adapted from Boardman and 
Cheetham 1987 and Ernst et al. 2015.  
LEFT (longitudinal and transverse views): BD: branch diameter; EndW: endozone width; ExW: 
exozone width; DCB: diameter central bundle; DC: diameter axial cylinder; AA: angle of divergence 
from axis; AS: angle of divergence to surface; AWl: autozooecial width, longitudinal; 
RIGHT (tangential view): AW: autozooecial width, short dimension; AL; autozooecial width, long 
dimension; MD: metapore diameter; DACh: distance between autozooecial centers horizontally; 




Figure 7 - Key measurements made on encrusting trepostome bryozoans.  
TOP (tangential and transverse views): AW: Autozooecial width, short dimension; AL: Autozooecial 
width, long dimension; WT: wall thickness; WTt: wall thickness, thickest; WTh: wall thickness, thinnest; 
ExD: exilozooecium diameter; StD: acanthostyle diameter; ScD: acanthostyle core diameter. 
BOTTOM (longitudinal view): AWL: autozooecial width, longitudinal; ADL: autozooecium depth, 








Figure 8 – Important measurements on cystoporates, adapted from Ernst et al. 2015.  
LEFT (tangential and tranverse views): DAC: distance between autozooecial centers. 
TOP RIGHT (tangential and transverse views):  LuT: lunarium thickness; LuH: lunarium 
height; LuW: lunarium width; AW: autozooecium width;  
BOTTOM RIGHT (longitudinal view): ZW: autozooecium width; VH: vesicle height;  






Figure 9 - Example of a Concurrent Range Zone. Index fossils A, B, and C have 
established first appearance data (FAD) and last appearance data (LAD) on a global scale 
(left). The overlapping range of these taxa provide paleontologists a useful diagnostic tool 





Figure 10 - Western United States transgressed by oceans during the Middle Permian, present-
day Nevada, Utah and Arizona outlined, with the present-day Grand Canyon marked in northern 







Figure 11 – USGS Relief map of Nevada, with Clark County in strong outline, showing locations of 
measured and sampled sections for this study. Toroweap Section 3 is in the foothills of the Bird 





Figure 12 – Four of five concurrent range zones identified by Gilmour and Vogel 





Figure 13 - Local zones of cryptostomes and trepostomes from sampling of Section 3 of the 
Toroweap Formation in the foothills of the Bird Spring Range of Clark County, Nevada. Levels 






Figure 14 - Local zones of cryptostomes, trepostomes and cystoporates in Section 4 of the 
Toroweap Formation in Dune Buggy Canyon of the north Muddy Mountains of Clark County, 




Figure 15 – Overlapping clusters in Trepostomida.  Top: PCA results of 7 characters with a focus 
on acanthostyle size for tangential view of trepostomes using three clusters. Bottom: PCA results of 
11 characters for transverse view of trepostomes using three clusters.  
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Figure 16 – PCA analysis of identical Streblotrypa colony fragments using two different 
groupings. Top: the original, statistically significant clustering analysis of the Streblotrypa 
fragments separated according to morphometric sizes. Bottom: the final grouping of Streblotrypa 
fragments based on number of tubes in axial bundle, according to subgenus differentiation in the 
Treatise (Boardman et al. 1983).   
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Table 19 - Glossary of Morphological Terms, adapted from Boardman et al. (1983). 
acanthostyle 
 
In cryptostomes and trepostomes, a type of stylet with a core, a smooth rod of 
non-laminated calcite directed toward the zoarial surface. (Blake 1983) 
Ancestrula The initial zooid of the zoarium formed by the metamorphosis of a larva, or 
by a binary complex of a feeding zooid and a rhizoid. 
aperture 
 




The skeletal chamber of an autozooid.  
basal 
 
Underside of an encrusting or freely growing colony. The basal wall of a 
zooid is opposite to the frontal wall 








General shape and habit of a bryozoan colony. 
cystopore Prominent characteristic in cystoporates. Blister-like or box-like vesicles that 
stack on one another and separate autozooecia. 
diaphragm 
 
In stenolaemates, membranous or skeletal partition that extends transversely 
across entire zooidal chamber. 
distal 
 
Pertaining to the side away from the ancestrula or origin of growth. 
endozone 
 
The center portion of the zoarium, that contains zooecial tubes parallel to the 
long axis of the branch. 
exilozooecium 
 
In stenolaemates, generally small polymorph originating in outer endozone or 
exozone between autozooids with few or no basal diaphragms. 
exozone 
 
Surrounds the endozone; the portion of the zoarium in which the tubes have 
turned and have become perpendicular to the branch. 
exterior wall 
 




Pertaining to the exposed or orifice-bearing side of a zooid or colony. 
hemiseptum In stenolaemates, shelf-like skeletal projections in zooidal living chamber, 
generally on proximal walls or in one or two pairs in alternate positions on 
proximal and distal sides of zooecia. 
heterozooid 
 
Specialised (polymorphic) zooid; not an autozooid. 




In cystoporates, microstructurally distinct or thicker part of autozooecium or 
large monticular zooecium; on proximal or lateral side of autozoecium and 
projecting above zooecial aperture or peristome as a hood; commonly with 





In cryptostomes, a type of stylet with an irregular core of non-laminated 
material. Sheath lamellae weakly directed toward colony surface, sheath 
lamellar bundle narrow. Transitional to acanthostyles, but usually smaller. 
(Blake 1983) 
ramose Branched, like a tree. The whole skeleton of an erect zoarium. 
 
stylet, style In stenolaemates, a rod-like structure parallel to the zooidal growth directions, 
forming spinose projections on the colony surface.  
wall Used in a number of ways for the skeletal and/or organic partition between 
zooids in a colony, or between the colony and the environment.  
zoarium 
 
The whole skeleton of a colony. 
zooid 
 









Table 20 - The Ages of the Permian Period, after International Commission on Stratigraphy 
(2021). The Toroweap Formation is placed in the Kungurian. 





Lopingian Changhsingian 251.9 – 254.1  
Wuchiapingian 254.1 – 259.1  
Guadalupian Capitanian 259.1 – 265.1  
Wordian 265.1 – 268.8  
Roadian 268.8 – 272.95 Kaibab 
Cisurlian Kungurian 272.95 – 283.5 Toroweap / Coconino 
Artinskian 283.5 – 290.1 Hermit 
Sakmarian 290.1 – 293.5  




Table 21 - Depositional Environments of Kaibab and Toroweap formations, after Sorauf (1962), 
Nielson (1980), Billingsly (1990) and Sorauf and Billingsly (1991). 
KAIBAB FORMATION 







in late Permian 
conglomerate 







siltstones, dolomites and 
sandstones 
alternating between 

















transgression top: silty limestone top: shallow marine 
transgression 
middle: oolitic fossiliferous 
limestone 
middle: open marine 













gypsiferous siltstone in 
south, sandstone in north 










Plate 1 - Streblotrypa (Streblascopora) sp.1  
All scale bars 0.5 mm.  
1. T4-94.0 - Longitudinal section showing the divergence of the autozooecia from axial 
bundle and the sharp autozooecial bend to surface, metapores in exozone on both left and 
right sides (A), and exposed remnants of metapore walls (arrows).  
 
2. T4-94.0 - Transverse section showing axial bundle poorly defined.  
 
3. T4-94.0 – Transverse section deeper into colony showing axial bundle more clearly 
defined. 
 
4. T4-94.0 - Tangential section showing columns of apertures alternating in a diamond 
formation with double-rows of 4-6 metapores in inter-aperture field (arrows). 
 
5. T4-94.0 – Deep tangential / longitudinal showing development of metapore tubes, wide 
deep inside exozone and narrowing toward the zoarial surface.  
 















Plate 2 - Streblotrypa (Streblascopora) sp. 2   
All scale bars 0.5 mm.  
1. T4-95.2 – Oblique longitudinal view of autozooecia through exozone to zoarial surface 
with sets of metapore tubes in between (A). Arrows show path of autozooecium. Thick 
ridges and zooecial walls remain intact but much of the zoarium has decomposed.   
 
2. T4-120.0 – Oblique transverse section showing badly damaged axial bundle and larger 
endozonal zooecia with thin walls.  Autozooecia and pairs of metapores are exposed as 
they traverse thicker exozonal walls distally to zoarium surface. 
 
3. T4-122.0 – Tangential section showing diamond pattern made by alternating oval 
apertures, thick exozone walls and sets of metapore pairs between apertures, including 
poorly arranged metapores (arrows).  
 
4. T4-120.0 – Transverse section showing well-defined (though poorly preserved) axial 
bundle. 
 
5. T4-86.2 – Longitudinal view showing divergence of autozooecia from axial bundle and 
sharp turn at boundary of exozone to emerge at zoarial surface. Arrows show 
autozooecial path.  
 



















Plate 3 - Streblotrypa (Streblotrypa) sp.   
All scale bars 0.5 mm.  
1. T4-87.0 – Tangential section (top left) showing apertures arranged in diamond pattern 
with thick ridges between rows longitudinally and metapores arranged in double rows in 
inter-aperture field (arrows). Longitudinal section (right) showing divergence of zooecia 
from axial bundle toward zoarial surface and metapores in sets of three (A) and two (B) 
emerging to zoarial surface through exozone. 
 
2. T4-87.0 – Magnified longitudinal view of autozooecia through exozone to zoarial surface 
with sets of metapore tubes in between (arrows).   
 
3. T4-87.0 – Longitudinal section showing the thinness of endozone walls and barely 
discernable metapore pairs at bottom (arrows). 
 
4. T4-87.0 – Deep tangential section of same zoarium showing thickness of exozone walls 
and more distinct metapore pairs at the bottom and obliquely at the top (arrows).  
 
5. T4-90.0 – Deep tangential section showing non-feeding zooid tubes, thicker walls in the 
exozone and metapore pairs.  
 
6. T4-90.0 – Transverse view of same zoarium showing poorly defined axial bundle (center) 
encircled by non-feeding zooecia, and autozooecia erupting through zoarial surface at 
bottom and lower left and right. Single pairs of metapores are seen at top, left and bottom 













Plate 4 - Rhabdomeson sp.   
All scale bars 0.5 mm.  
  
1. T3-133.0 - Longitudinal section showing long axial cylinder (A) and autozooecia 
diverging from cylinder at low angles and bending through exozone at sharper angles to 
emerge at zoarial surface.  
 
2. T3-133.0 - Tangential section showing heterostyles (arrows). 
 
3. T3-133.0 - Tangential section showing acanthostyles (arrows). 
 
4. T3-133.0 - Tangential section through exozone showing numerous paurostyles (arrows) 
around partial autozooecium.  
 
5. T3-133.0 - Transverse oblique section showing thicker exozone into tangential with 
visible paurostyles (top) and axial cylinder (A) with thin endozonal walls. 
 
6. T3-133.0 - Transverse section showing clear axial cylinder. 
 
7. T3-133.0 - Shallow tangential section (poor quality) showing nearly complete oval 
aperture smaller in size than partial autozooecium from deeper tangential section in 












Plate 5 - Paralioclema sp.   
All scale bars 0.5 mm.  
  
1. T3-3.0 - Longitudinal section showing thin endozonal walls and sharp bending of autozooecia 
at transition zone from endozone to exozone (bottom). 
2. T3-3.0 - Deep tangential section showing thick exozone walls and sub-rectangular to rounded 
polygonal zooecia. 
3. T3-3.0 – Oblique longitudinal section with crenulation of thickening exozone walls (arrows). 
4. T3-3.0 – Magnified longitudinal section with autozooecial diaphragms (arrows). 
5. T3-3.0 – Transverse section showing the thin endozone walls and rapid thickening of zooecial 
wall at transition to exozone. Acanthostyle cores are exposed (arrows). 
6. T3-3.0 – Shallow tangential section showing sub-rectangular and sub-oval apertures, 





















Plate 6 - Stenopora sp. 1 
All scale bars 0.5 mm.  
  
1. T4-7.2 – Tangential and longitudinal sections of a unilaminate colony with irregularly formed 
monilae, acanthostyles (A) and occasional hook-like hemisepta (B).  
2. T4-5.9 – Tangential section showing development of small non-feeding zooid chambers at 
basal lamina, small proximal acanthostyles and larger distal acanthostyles. 
3. T4-10.0– Longitudinal section with irregular, inconsistently-developed monilae (A). 
4. T4-5.9 – longitudinal section with crenulated walls, poorly developed monilae (A), small 
acanthostyles that develop in the endozone and deep exozone (B) and larger acanthostyles that 
develop in the outer exozone (C).  
5. T4-7.2 – tangential section, showing the thinner walls near basal lamina and thickening of 
zooecial walls distally. Acanthostyles with significant cores are clearly visible (A), along with 














Plate 7 - Stenopora sp. 2 
All scale bars 0.5 mm.  
 
1. T4-8.9 – Transverse/tangential section of zoarium showing wide range in autozooecial sizes, 
acanthostyles commonly at wall intersections, and abundant exilozooecia (arrows).  
2. T4-8.9 – Transverse/tangential section showing varying autozooecial sizes. 
3. T4-8.9 – Longitudinal section showing short, sharp hemisepta (arrows). 
4. T4-8.9 – Oblique longitudinal section showing significant autozooecial size differences within 
a single zoarium from top to bottom right.   
5. T4-8.9 – Longitudinal section showing rounded monilae of inconsistent size (arrows). 
6. T4-10.0 – Longitudinal section showing erratic growth patterns and acanthostyles with white 













Plate 8 - Stenopora sp. 3 
All scale bars 0.5 mm.  
 
1. T4-7.2 - Oblique tangential section of unilaminate colony showing prominent thickly-sheathed 
intermediate-sized acanthostyles with small cores (A), both at the intersections of walls and in-
between. Microacanthostyles follow the same pattern in the endozone and inner exozone (B). 
2. T4-7.2 – Oblique tangential section showing thin endozonal walls and abruptly thicker 
exozonal walls.  
3. T4-7.2 – Oblique tangential section showing walls of varying thicknesses due to poorly 
formed monilae (arrows).  
4. T4-10.0 – Tangential section near basal laminae showing thick exozonal walls with light inner 
walls exposed. 
5. T4-7.2 – Longitudinal section with thicker and thinner laminated exozonal walls, poorly 
formed monilae in center. 
6. T4-10.0 – Longitudinal section showing a rapid transition from thin-walled endozone to thick-













Plate 9 - Stenopora sp. 4 
All scale bars 0.5 mm.  
 
1. T3-3.0 – Longitudinal section showing poorly-formed monilae (A) and terminal diaphragms 
just below autozooecial apertures (B). 
2. T3-3.0 – Oblique tangential section showing bulb-like acanthostyles near zoarial surface 
(arrows).  
3. T3-3.0 – Oblique tangential section showing crenulated, undulating walls due to poorly-
formed monilae.  
4. T3-3.0 – Longitudinal section showing angle of divergence and abrupt thickening of walls 
from endozone to exozone, with poorly-formed monilae and wall cores slightly exposed. 
5. T4-164.0 – Longitudinal section with thicker and thinner crenulated walls of poorly-formed, 
small monilae. 
6. T3-3.0 – Oblique tangential section showing thicker exozonal walls, small acanthostyles near 













Plate 10 - Stenopora sp. 5 
All scale bars 0.5 mm.  
 
1. T4-91.5 - Oblique tangential/longitudinal section showing inconsistent wall widths due to 
monilae (A) and both abnormally large and intermediate-sized acanthostyles in the exozone (B).  
2. T4-183.0 – Deep tangential section showing dominant, light-colored cores of acanthostyles, as 
well as inconsistent exozonal wall widths. 
3. T4-190.0 – Oblique tangential section showing crenulated walls, small proximal acanthostyles 
and larger distal acanthostyles, with exozonal acanthostyles of both large and intermediate sizes.  
4. T4-190.0 – Longitudinal view showing small endozonal acanthostyles and larger but shallow 
acanthostyles that begin in the exozone. Note again the significant acanthostyle core sizes 
(arrows). 
5. T4-91.5 – Magnified oblique tangential/longitudinal view of large acanthostyles with 















Plate 11 - Dyscritella sp. 1 
All scale bars 0.5 mm.  
  
1&2 T3-133.0 – Oblique tangential/longitudinal section showing development of zooecial walls 
from prominent acanthostyles as wall junctions (A&B). 
3. T3-133.0 – Longitudinal showing thin, lightly undulating exozonal walls (arrows). 
4. T3-133.0 – Oblique longitudinal section showing small nonfeeding zooecia at basal lamina, 
thin endozonal walls and prominent acanthostyles with large light-colored cores in exozone. 
5. T3-133.0 – Transverse section showing the thin-walled, small non feeding zooecia with small 
acanthostyles at encrusting surface (A) and enlarging of both zooecial chambers and 
acanthostyles as zoarium develops distally.  
6. T3-133.0 – Longitudinal section showing small endozonal acanthostyles, moderately thicker, 
smooth exozonal walls, thin endozonal chamber walls (not diaphragms) (A) and the significant 
core of an intermediate-sized acanthostyle (B). 














Plate 12 - Dyscritella sp. 2   
All scale bars 0.5 mm.  
  
1. T4-139.5 – Slightly oblique transverse/tangential section showing consistently-sized 
autozooecia arranged in rows, with acanthostyles as the prominent structure in zooecial walls and 
a widening of acanthostyles near (and above) zoarial surface.  
2. T4- 45.0 – Shallow tangential section showing plentiful acanthostyles around autozooecia, 
thicker exozonal walls, and frequent exilozooecia.  
3. T4-45.0 – Longitudinal section showing development of acanthostyles at encrusting surface, 
acanthostyle cores as a substantial portion of acanthostyle diameter, and splitting of walls to 
form shallow exilozooecia (right). 
4. T4-139.5 – Tangential section showing thicker exozonal walls and enlarged acanthostyle bulbs 
protruding above the surface of the zoarium. 
5. T4-45.0 – Longitudinal section with shallow exilozooecia between autozooecia. 
6. T4-139.5 – Shallow tangential section showing small acanthostyle bulbs protruding above 














Plate 13 - Dyscritella sp. 3  
All scale bars 0.5 mm.  
  
1. T4-115.5 - Tangential section showing autozooecia in rows with apertures almost completely 
surrounded and deformed by inconsistently-sized bulbous acanthostyles.  
2. T4-137.7 – Longitudinal section showing walls formed almost entirely of acanthostyles that 
develop primarily in the endozone but also at additional levels into the exozone.  
3. T4-75.0 – Longitudinal section showing acanthostyles in the endozone (A) and large 
acanthostyles radiating out through the exozone. Thin walls connect the acanthostyles (B). 
Acanthostyles have prominent cores (C). 
4. T4-137.7 – Oblique longitudinal section showing fanning radiation of acanthostyle/wall 
growth, with smaller endozonal acanthostyles and larger exozonal acanthostyles.  
5. T4-75.0 – Transverse/tangential section showing regularly arranged apertures surrounded by 















Plate 14 – Dyscritellina sp. 
All scale bars 0.5 mm.  
  
1. T4-15.0 – Tangential section showing irregularly arranged polygonal autozooecia surrounded 
by small acanthostyles interspersed by dominant large acanthostyles with large cores.  
2&4 T4-115.5 – Two views of the same section, both shallow tangential (2) and tangential (4), 
showing protrusion of the bulbous tops of large acanthostyles above the zoarial surface. Note 
prevalence of small acanthostyles and exilozooecia.  
3. T4-42.0 – Oblique tangential section. 
5. T4-142.3 – Longitudinal view showing development of small acanthostyles both in endozone 















Plate 15 – Pseudobatostomella sp.   
All scale bars 0.5 mm.  
  
1. T4-1.0 – Longitudinal section showing rapid thickening of walls at transition to exozone. Note 
that acanthostyles in exozonal wall develop at base of exozone. 
2. T4-1.0 – A continuation of same longitudinal section showing wide exozonal walls that cause 
narrowing of autozooecia at apertures.  
3. T4-116.0 – Longitudinal section of smaller zoarium. Note acanthostyles that begin and end in 
endozone. Note thick walls that cause narrowing of autozooecia at apertures. 
4. T4-1.0 – Deep tangential/transverse section showing autozooecia of irregular sizes and shapes 
with sporadic acanthostyles and occasional exilozooecia. Shallow tangential section in upper left 
shows thickened walls (arrows) and narrowed autozooecia at/near aperture.  
5. T4-58.6 – Deep tangential/transverse section showing polygonal autozooecia, thicker and 
thinner walls and sporadic acanthostyles. Note that non-feeding zooecia at basal lamina are 
polygonal and rectangular rather than round. 
6. T4-1.0 – Longitudinal section, showing the thin endozonal walls and rapid thickening of 
autozooecial wall at transition to exozone. Endozonal styles begin and end in endozone (arrows). 
Note exceptionally small acanthostyles in deep endozone. Exozonal acanthostyle in the wall 














Plate 16 – Eridopora sp.  
All scale bars 0.5 mm.  
  
1. T4-7.2 – Longitudinal section showing narrow columns of blister-like vesicles between 
tubular autozooecia.  
2. T4-10.0 – Transverse section showing pyriform autozooecia with triangular lunaria.  
3. T4-7.2 – Longitudinal section showing autozooecia separated by columns of vesicles that 
rapidly narrow into one column toward zoarial surface. 
4. T4-10.0 – Tangential section showing pyriform, triangular autozooecia separated by blister-
like vesicles. A thin layer of stereom surrounds lunaria.   
5. T4-7.2 – Oblique transverse section showing triangular autozooecia separated by vesicular 
tissue.  












Plate 17 – Fistulipora sp.  
All scale bars 0.5 mm.  
  
1. T4-75.0 – Transverse section showing sub-round autozooecia surrounded by polygonal 
vesicles.  
2. T4-75.0 – Longitudinal section showing autozooecia separated by columns of brick-like 
vesicles which appear polygonal at zoarial surface. Autozooecium at right bends toward zoarial 
surface. 
3. T4-91.5 – Deep tangential showing autozooecia separated by polygonal vesicles, with visible 
lunaria partially obscured by a thin layer of stereom. 
4. T4-75.0 – Transverse section showing row of autozooecia.   
5. T4-91.5.0 – Transverse section showing autozooecia surrounded by polygonal vesicles. Brick-
like vesicles at right obscured by stereom. 
6. T4-91.5 – Oblique longitudinal section showing lengthening of brick-like vesicles in columns 
between autozooecia. 
















Plate 18 – Dybowskiella sp.  
All scale bars 0.5 mm.  
  
1. T4-94.0 – Longitudinal section showing autozooecia separated by columns of vesicles. 
Distinct bend of lunaria visible even in longitudinal section. 
2. T4-10.0 – Transverse section showing autozooecia arranged in radial order with distinct 
horseshoe-shaped lunaria (A) that inflect the autozooecium (arrows).  
3. T4-94.0 – Longitudinal section showing columns of vesicles separating autozooecia. A thin 
layer of stereom thickens vesicle roofs at the zoarial surface (A). 
4. T4-94.0 – Tangential section showing autozooecia with horseshoe-shaped lunaria (A) that 
inflect the autozooecium (arrow), with a layer of stereom thickening the vesicle roofs between 
apertures.  
5. T4-94.0 – Encrusting growth as zoarium bends around the substrate, exposing both tangential 
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